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CONSOLIDATION OF SITE-WIDE

In May 1996, at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy. Richland Operations Office
(RL) to develop a site-wide consensus groundwater model tot the Hanford Site.
RL's Site Management Board directed the Environmental Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. In a RL letter to the regulators, stakeholders. and
tribes, dated July 28, 1997, RL made a commitment to initiate the site-wide
groundwater model consolidation task.

As a result of a number of meetings with RL, contractors, regulators, tribes,
and HAB in review of past modeling work the "Need and Requirements for
Consolidation of the Site-Wide Groundwater Modeling at the Hanford Site"
(Attachment) document has been developed.

Please review and provide comments by March 3, 1998. If you have any
questions, please contact me on (509)373-9626.
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R. D. Hildebrand, Project Manager
Groundwater Project
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Executive Summary

In response to both internal and external recommendations. DOE/RL initiated a site-wide
model consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency in groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
programs, 2) model enhancements based on new data/information and improved technical
capabilities, andj :ii.ndel flexibility to address new program needs and decisions. As an
initial step iniFV-*l!-9.3pthe consolidation process is to provide a current Hanford site-wide
groundwatici*del 9R0i on a consensus hydrogeologic conceptual model, a consolidated
databasrigtii selectiPf computer codes to implement the numerical model developed
basedcifttconsensus cniceptual model that will meet near-term and long-term needs and
requi0Zents of internalHWO external Hanford site stakeholders.

At Hanfod:iveral g..i...water n..deling programs have developed among the three
major const ..I.... ihe Hanfodiission changed from special nuclear materials
production to :nvnenmental r2jsit i ihJhe Project Hanford Management Contractor
(PHMC) presently mainta i..dse ziekand groundwater modeling capability in
support of active and plaiz. .osals iriie 200 Areas and operational issues at the site.
Bechtel Hanford, In ....L..e.... maiknins a site-wide groundwater model in support
of past-practice opera.:iinit inv jj.. ii nd cleanup activities. Pacific Northwest
National Laboratory (PNNL) pregsiffwi.intains groundwater modeling capabilities for the
site in support of the site-wide gj d water monitoring program, and vadose-zone
modeling capabilities for a varidif site and nationpa gppgrams.

This report provides an initial asgessmne .1! *$n $iiquirements necessary to move
forward in the model consolidation:0i.Wlgtip The recoMiinded needs and requirements
were largely derived from a review ofit aen. planned groundwater modeling
activities provided by representatives of majoIL i:ams including Environmental
Restoration, Waste Management, and Tank WaiMt .ibediation Syttt"a programs. Input
was also provided by involved Hanford Site conklacror represe.m...n....'jn BHI, CH2M-
Hill, PNNL, Fluor Daniel Northwest (FDNW) Wste Manaeliilt FNi 46Services
Hanford (WMFSH), Lockheed Martin HanfordCbmpany(L!uMi), andb eibs
Engineering Group, Inc. (JEGI). .....

Based on a review of current and planned groundwater modeling acfiities at the sitbe
following needs and requirements have been identified for the consolidated site-wide.
groundwater model objectives, the conceptual model and associated databaseid.
computer code needed for implementation of the numerical model.

Consolidated Model Objectives: The consolidated site-wide growiwater model
should be capable of being used to meet a variety of Hanford Site proja6d.bjectives
including the following:

* preliminary screening of sites for locating waste disposal facilities

" site performance assessments of proposed waste disposal facilities
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" assessment of environmental impacts involving the prediction of contaminant transpuL
and dose modeling for site-wide and local assessments

* design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup.

* design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydraulic behavior of the water
table and unconfined aquifer system in response to changing waste management
practices, envionmental restoration alternatives, or waste facilities end states, and
perfornancc ei- yundwater remediation alternatives

" risk assess9mtits;:

Consoldated Model ,oticeptual Model and Database Needs and
Requirements: The majoneeds and requirements for a consolidated site-wide
groundwater modelig&ipk*gram with respect to the conceptual model are as follows

* A common site-wide modei g.4stbase based on a geographic information system and
containing all the informxaik necessiry to develop parameter estimates for a model
should be used in a ) 5 cig applicierns.

* This modeling database should b Iiasd on a consensus interpretation of the available
data.

* The database and data intp..tations should bei 1ed as new data, on both the local
and regional scale, become iiiailable .Sitc0tngedparameter databases should be
maintained using appropriate co..f.g. .Iacontrok.prjicedures to establish the pedigree
of all changes

* Any conceptual models that make additionar sitpifications to thiikite-wide modeling
database should include adequate documentai eo to demonst..g osistency. Such
documentation may include a list of assumptcrnis made, AlrjUstifidq'., and
comparisons with simulation results based onfte mostbmjl*0. and d6kilex
conceptual model. .

Consolidated Model Computer Code Requirements: The code selected.I&C .
implementation of the consolidated site-wide groundwater model should provide 11e
following technical capabilities and characteristics. The code should be capabk of

* simulating two- and three-dimensional saturated, unconfined and i n~ned flow of
constant density water in an isothermal setting for either steady statie or transient flow
conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-situ REDOX treatment
methodologies, capabilities to simulate the effects of variable density would be
desirable
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* accommodating the spatial variation of hydraulic parameters (hydraulic conductivity.
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

* simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

* simulating flowvconditions at the scale of the entire Hanford Site with robust sub-
modeling capaiIy to facilitate the systematic transfer of attributes of the flow and
contaminhlizRxnsprWt model derived from the site-wide model for use in local-scale
model4 assessmentias appropriate

SIff'tivrely simulating fQlw on a variety of time scales ranging from a few years to
16,000 years at both ffit scale of the entire Hanford Site and at the local scale

* simulatim wsarninant fluxe 'm .wo- and three-dimensions as a function of driving
hydrologit prcesses and4massi Nport phenomena, including advection,
hydrodynamic dispersim.. .mecular diffusion, and adsorption

" representing geochrmital retrdauon using a linear equilibrium adsorption model where
the distribution coefficient (Kd) depwkds only on the contaminant and on spatial
position

* treating the effects of radidictie decay. Anoth trable but not required feature
would include the capability to analygzea. . ..... 1icnplex decay chains (for
example, the decay of r

* efficiently simulating flow conditions only, nta inant transpolt based on previously
simulated flow conditions, or combined flow drontamant trM Sport

* efficiently performing streamline (for steady-sate conditdiin)land par
transient conditions) analyses in two- and three-dimei6MPins.

* Incorporating time-dependent and spatially varying boundary c6ditons Thecadce
should be capable of simulating homogeneous and non-homogeneous DinchejchTh.
(constant head/concentration) and Neuman (constant flux) boundary cond*tiotiL The
selected code should also have a prescribed approach for incorporationaofttnt- and
space-dependent sources and sinks of water and contaminant

Administrative requirements for the selected code include the followinigj.Ui

* pre- and post-processing modules that allow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software to
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations
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* An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraulic properties, boundary and initial
conditions, and sources and sinks

* evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

" availability irboth internal contractor and external stakeholder use at a reasonable cost

" the uotrmeent version of the code should be available, preferably the last one that has
been fiily tested. FO: codes that are well established, the use of a well-tested version
may outweigh the ustof a newer, but less tested version. The software should be
maintamed under a quiity control program that documents modifications.

* availabiliky 4a vaiety of compUMonal algorithms and solvers to facilitate the efficient
simulation of a wide varie.y f flow ad contaminant transport problems and
capabilities to run on a variety of computational workstations and platforms including
UNIX-based workstiom

* proprietary codes will be consalrd f they provide an advantage over public domain
codes and only if the author(s)tfUstodian(s) allow inspection and verification of the
source code by DOE and 4tsI ntractors. These inspecons and/or verification reviews
may be required to assist DOE to rectfy prqklrs.Ifwuntered i applcaton of the
code or in working with the gode aut approaches for required
code enhancements.

* the selected code should be sufficiently wei z.e..mented and well supported by the
code developer to allow for rectification of technical difficulties itas anse in its
application to Hanford specific applications

Other Needs and Requirements: Other needs and reqwremsxju that ruj be
considered in a site-wide model consolidation include e4dWmg

............................
* development of a process to foster greater consistency in applications of groiWI*ter

models by various on-site programs

" site commitment for long-term maintenance and care of site-wide modtlinEcapabilities
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which included the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
5, 1996, John WII.er issued an RL Letter of Instruction to affected RL Programs, and
Site ContractoAiiii" .with RL and contractor customers, tribal and stakeholder
participatipiTNINL Willidevelop and maintain a predictive Hanford standard groundwater
model..W!?IiWiiaetter toA ulators and stakeholders dated July 28, 1997, RL also made a
commiiff to initiate themodel consolidation process in FY 1998.

At Hiifbrd, several gropudwater modeling programs have developed among the three
major crigastors..idei:tke HanfordAmission has changed from special nuclear materials
production pV 1i: pX"tigi taI restoriaiDi. The Project Hanford Management Contractor
(PHMC) presentle hlaintsaiifd.:isrnje and groundwater modeling capability in
support of active and plannped isbsalis4I:be 200 Areas and operational issues at the Site.
Bechtel Hanford, Inc.,| );isently niffintains a site-wide groundwater model in
support of past-practidp!diWab l!Mt invgjtations and cleanup activities. Pacific
Northwest National L*Wiratory, W$N~ljg6esently maintains groundwater modeling
capabilities for the site in support* .th&.ite-wide groundwater monitoring program, and
vadose-zone modeling capabilituftrf a variety of site and national programs.

The purpose of the model coiiQi:idation is to estabidigskv sgiwide modeling process to
foster 1) consistency in assumpibns i.a.p..iatis I programs, 2) mode]
enhancements based on new data/intmi ..... d im-0d technical capabilities, and 3)
model flexibility to meet and support W.iIgan ao.g and decisions. As an initial step
in FY 1998, the consolidation process is to pf6- i eie i-rent site-wide groundwater model
of the site based on a consensus hydrogeologic .i ii....ual model-d ijase, and numerical
model that will meet near-term and long-term neadttid requirco 7 tinternal and
external Hanford site stakeholders. .....

In FY 1998, the scope of the model consolidation is tojhtbY.be needs aml
requirements of a Hanford site-wide groundwater mod6-i) evalu -t ihrrent
interpretations, data, models, and codes, 3) make recornmendationsT6r consoliddi" 4)
conduct review of recommendations, 5) document review and recommendation 5*4i):
initiate implementation of the recommendations.

Current plans also call for completing implementation of the site-wide gpideiWater model
and development of a multi-year program plan in FY 1999 to provide ca#iued support for
the site-wide model from the years 2000 to 2005.

1.1 Approach for Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel. An overview of the model consolidation
process included descriptions of the four major tasks:
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a development of site-wide modeling needs and requirements

" technical evaluation of site-wide conceptual and numerical models

* recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical model

* implementaurnF the recommendations.

To faciht1 4bideve1opmnt of the needs and requirements summarized in this report,
program repesentatves were asked to provide an overview of current and planned model
activities icluding identification of supporting planning and technical documents. The
documents identified provide the basis for summaries of current and planned groundwater
modeling acivi tide.dsciibed in section 2 of this report.

RL also consulied with represe.t..ives of the U. S. Environmental Protection Agency
(EPA), Washington State D,,:, r.e.nt Rf Ecology, the Hanford Advisory Board, and
affected tribal nations thgtide. the Ndi-erce Tribe, and the Yakama Tribal Nation
about the model consoliduiien picss. Ai"- Ough RL was unable to meet with
representatives of theC ederatdiribeif the Umatilla Indian Reservation prior to
preparation of this draft report, RL is'i4 tve process of arranging a consultation about the
model consolidaton process anda 4py of this draft report will be transmitted to them for
technical review and commenL

To facilitate the technical evaluanon of k dinenjeiiiVand numerical models and the
implementation of the selected comp ig&xoa.e(.s), RL jmgids to conduct a series of
workshops with technical points of comi.:cfTim mntearogram and external regulatory
agencies, tribal nations, and interested public st@h16der groups Tbe purpose of the
workshops will be to review and identify key diff ....es in assunipiMOis and approaches in

* current site-wide model uses, including tenpoa and spdtlal scales eyaiiated, scenarios
addressed, contaminants of concern assessed, etc

* current site-wide hydrogeologic and geochemical interpretations .ad associat .
databases

* existing modeling implementations and assumptions including the purpos4 'Ad scoperf
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical midel applications and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL will
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

* current site hydrogeologic interpretations
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* current site hydrologic conceptual model for groundwater flow and contaminant
transport

* selected computer codes and related software
* development of parameter databases and their implementation of numerical models
* a process for ensuring consistency in modeling applications performed on site
* a process for long-term maintenance and care of 1) recommended hydrogeologic and

hydrologic databases, 2) model parameter databases, and 3) site-wide model(s) and
computer codes.

The developed ecOmimedations will be presented for review by an external peer panel
(early May 199Sf andtb iuternal and external stakeholders by mid to the end of May 1998.
Commenkandf suggestidas solicited during the review will be evaluated and to the extent
possible ~iobe ncorp...ed into an RL document titled, Requirements, Review, and
Recomnendatons for a Consolidated Site-Wide Groundwater Model for the Hanford Site,
by August 30, 1998.

Following revimw;;c lh recommedAtions for model consolidation in the May 1998 time
frame, RL wl initiate the impd..lniAn of the recommendations. The proposed date for
completing implementatiog 6flie consolidaied site-wide model, including the development,
calbraton, applicationd ..d..entain, is currently planned for July 30, 1999.
However, this proposed datemay ieed tobevised based on the recommendations and
resulting scope.

1.2 Purpose and Scope .. Report

... ... ... .....

The purpose of this report is to docunmtMI. .... q asses.ment of needs and requirements
necessary for site-wide consolidation uginidwater iideing These needs and
requirements are based in part on an intial revik* of rmrent and future groundwater
modeling activities being planned by the EnviroamiMitol RestorationWaste Management,
and Tank Waste Remediation programs at the Hgjfbrd Site. The: did.ad requirement
also reflect input collected from external stakehdi*Rs includinfU S;PA, Washington
State Department of Ecology, the Hanford Advisfry Board,.ad. .Wo of thuifjected tribal
nations (the Nez Pierce Tribal Nation and the Yakama Tdbi ~Natigh) Representives of
the Confederated Tribes of the Umatilla Indian Reservintiwill becansulted andasked to
participate in the model consolidation process.

The remainder of the report is separated into two sections organized in the followig
manner:

* Section 2.0 provides summaries of current and planned groundwatmrmdeing
activities of major program areas at the Hanford Site, including the:ii(vironmental
Restoration, Waste Management, and Tank Waste Remediation System Programs.

* Section 3.0 provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process

3



e ....m . . .m .-. ....

-......... ...---.-.

.......

.. .........



2.0 Current Groundwater Modeling Activities

The following is a brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (i.e., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely derived from
meetings with representatives of RL programs and site contractor personnel and review of
related key technical documents. In performing this review, a conscience effort was made
to limit groundv xnodeling activities to those completed within the last three years (i.e.,
since 1994). ,TNiWib7iitreview of past groundwater modeling, for the most part, is focused
on those nwepti at es completed since 1994.

2.1 Key Projects i e Environmental Restoration Program

Follov a a review j ject activities that have used groundwater modeling to support
major objedives for tfi ivironmemtal Restoration Program. These summaries reflect
information ji % Rik y RL techikin.Poject managers and contractor personnel from BHI
and PNNL. Th nidaeling acdiii sunarized include those associated with the
following key activities wj ikt& ER piOgram.

* Development of the Hao ford Sir-Wi* Groundwater Remediation Strategy
* Remedial investigation / feasibiity study of the Environmental Remediation Disposal

Facility
* Design of Interim remedial masures in the 10 .and200 Areas

Assessments being done under the Hanfi.dU G ..... Project including:
* Monitoring network asseskiffiW&i

* Impacts on Drinking Water Systems and Greundwater Uses from existing
contaminant plume transport

* Composite Analysis being performed in respqise to the Defensi Niclear Facility Safety
Board recommendation 94-2

* Hanford Remedial Action and Comprehens ve Land Use Envitonmentaf impact
Statement

The following summary focuses on groundwater modeling being dome to suppott.
evaluation of groundwater impacts and does not specifically discuss risk assessmnWTi
methodologies being used to support cleanup of soil contamination at many RC..si. .
in the 100 and 200 areas. Much of this type of remediation work at the HanfordiSite has
been supported with the implementation of a dose assessment methodolodl ommended
for deriving site-specific soil remediation guidelines called RESRAD.d.i"iOsied at Argonne
National Laboratory (Yu et al. 1993).

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.
This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).
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Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatial distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargg om site operations was based on available reports.

Hydraulic co1iiUOi iJijtdata from aquifer tests reported in previous studies were used.
Scaling fromi .. ipunpig point measurements to the areal values consistent with the
groundh riihumerical inMael was done with the EarthVision software.

Twelieniumerical codes wire evaluated for use in the site-wide groundwater modeling.
The VADCG codegpa iws selected because 1) it uses a robust set of solution algorithms, 2)
the rgi. JO:well-knqifn expert and was available for technical support, 3)
the code effidt'ilg.s~IffiUlates qudcnjii aquifer conditions, 4) the code allows the use of
transitional eleints to refirnCJiMbmitm al grid over specific areas, and 5) the code can be
used to model unsaturatedzct |oblem..

Grid sizes were chosen ko!baane wacltUEoll -accuracy) and required computational time.
The initial grid chosenrt6 model grd.I . i. flow and tritium transport used uniform 600
m by 600 m elements (18,277 nodf4and required about five hours of computational time
for a 200-year simulation (usigi1IiiSGI Indigo 6000 computer). This grid proved to be too
coarse to model smaller contadit plumes and ha!vias refined in the 200 areas to
have 150 m by 150 m elementsi4ll elem s it !mim al plane were rectangular (or
square). 200-year simulations with theafliJdi(50 ,84& ndes) required approximately 23
hours.

Six elements were used in the vertical dimension in for the pre-Mi.ssoula/Hanford
formation and three for the Ringold formation. E....nt size varicd!U 0 f5 m to 20 m.
The vertical elements were deformed (non-rect4 'ar) to maw e52Uiiir of the
hydrogeologic formations. Hydraulic properties within each o h two frn ons were
vertically homogeneous.

Hydraulic conductivity and porosity varied spatially in ii horizontdiitection. biAl
assignment of conductivity to elements was based on observed aquifer test data
Conductivity was isotropic in the horizontal direction. Vertical hydraulic condue i.
were set to one-tenth the horizontal value for each element.

Calibration was carried out by adjusting assigned hydraulic conductiviti solving for the
steady-state flow field, and comparing the model results to the averagCNWg6r level
measurements from 1976-1979. Transient flow simulations of 14 yeariiwere also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine- 129, uranium,
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technetium-99, nitrate, carbon tetrachloride, trichloroethylene, and chloroform) for 200
years using 1995 data as the initial condition. Initial sources in the 100 and 200 areas were
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 1995d).

2.1.2 EnvirofWt al Restoration Disposal Facility

A remedidji~is~stigationifrasibility study (RI/FS), described in DOE/RL (1994b), was
compl1t..&1.'Wexamine tbirhnpacts of construction and operation of the Environmental
Restoflzin Disposal Facilty (ERDF) located in the south-central part of the 200 Area
plateaW:':The purpose ofl*'RI/FS was to support the goals of the Tri-Party Agreement for
the renita1of contamniaflffl from portions of the Hanford Site (including near the
Columbia R 4if*i-isi*l'y mannqr:p allow those remediated portions of the site to be
released for #bdtijiundiuctive use:

The ERDF was proposedgs. t ceivingfsility for wastes generated by remediation of
the Comprehensive E ..i..if.lRespoQI* Compensation, and Liability Act (CERCLA)
past practice units at fii UHanfordSIfh.. ii.isposal facility is expected to receive only
remediation waste which are exp ~diisnsist of hazardous/dangerous wastes,
polychlorinated biphenyl (PCB) :wiiktt, asbestos waste, radioactive waste, and mixed waste
(containing both hazardous/dawr.iiks and radioactiv..wsste). A large portion of the waste
in the ERDF are expected to &'ifiite from areag... Columbia River where operable
unit records of decision (RODs)te exp 0nwieavation and removal of large
volumes of remediation-generated ERDP

As part of the RI/FS, a fate and transport mod iffaiiikieloped to predict groundwater
concentrations at the ERDF boundary. Model p.. concentrawz$. were compared to
1) Hanford site background concentrations to ideiikWtcontaminats iltwould exceed
background and 2) were also compared to risk-7j jW de mini Wi e ifons to develop
a list of contaminants of potential concern. ~.

The time frame of concern was 10,000 years, so a I 0i,04-year traV lame con* was
also used as a criterion for identifying key groundwatefontaminafigU'Thus, sofWz
contaminants having a travel time in excess of 10,000 years were not considered.
groundwater contaminants.

This analysis used a fate and transport spreadsheet model that was devewwi _-represent
hydrogeological conditions of the ERDF site, the physical and chemical. r ies of the
waste form, and the fate and transport properties of each contaminant tbnistituent. The
estimation of these parameters relied first on the ERDF-specific informdiion and then on
Hanford Site background information, when available. Saturated zone parameters included
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L, and 5) a saturated
zone mixing depth of 5 m.
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The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1994b) was used to evaluate in more detail the various alternatives considered in
the RI/FS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the- implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners,
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of my.~Jjactivities has been carried out recently in the 100 Areas to support
focused feasm.itystudj,,and interim remedial actions. The activities briefly summarized
here includ&W

numerical sinlation of strontium-90 transport from the 100-N Area liquid
waste dispoUffcilities (LWDF's)

* evailugauw* i e N-Spigs barrier and pump and treat system

* focusd (esibilitys itshe 100-H, 100-D, and 100-K areas

* design of the intm medi Dtion for the 100-H, I 00-D, and 100-K areas.

2.1.3.1 100-N Areal. i tip.

Strontium-90 transport was simulal:.;nte 100-N Area to estimate the effect of the LWDF
on the future water quality of the'iitinfined aquifer at the shoreline of the Columbia River
Connelly et al. (1990. This inuWiid estimating dpsu.cjw r a no-action alternative. Water
levels were expected to chang-given the cessat pf iisges to the LWDF.

VAM2DH was used to simulate a t% ... I alcr :ction of the unsaturated and
saturated zone. A similar study using theliimi&cde;li' Mbeen previously carried out for the
100-N Area (Lu, 1990). PORFLOW-3 was usijjlate flow apd transport in a three-
dimensional domain consisting of the unsaturatedz i. and the unoiti..&ed aquifer.
Reasons given for using both models were comE.jj.ie with in-bpidWtiwvetlopment and
maintenance procedures and previous use at thdHaford Site& &:iePOfTEW-3 model
used a Cartesian grid with variable grid spacing aind a tota i:fj 34,8t.64grid cells (32
by 34 by 34 grid cells). .. . .......

The Columbia River was modeled as a constant head boundary that Wias allowed 6ttV4
over time according to the observed seasonal change in river elevation. The botto&iwothe
model domain was a no-flow boundary, representing the upper mud unit of the! Ratgusd...
formation. A small, constant flux was applied at the top boundary to reprea g lng-ter&:;E
average recharge of 5 mm/yr. The remaining three sides of the domain 4 &'nstant head
boundaries, with the head values set to result in a gradient across the:M0.ini of 0.00095,
the observed gradient in 1964 (the year discharges to the LWDF begafii'The discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
characteristic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.e., the unsaturated zone properties were
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homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations.

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

Calibration usinggj'tI*fow model compared simulated and observed arrival times of a
conservativQ:0ihiit .i water table elevations in July 1969. The only parameter adjusted
was the hydtiwit' cordijdjh..yity. The arrival times and the water table elevations could not
be sinmuM4i 6tisly matetiedty varying the conductivity alone. The conductivity value
chosed f&ise in the simnliation was a value between that matching the arrival times and
that mahing the water tible elevations.

Calibratiot hfdie ssn transport gdel compared the simulated and observed
concentration. T#Iri'im-90 atS . fnts in 1974. The parameter adjusted was the
distribution coefficient. A lat0 luffe fntjdiis parameter was applied over a thin layer (0.68
m thick) beneath the stronidj&p source &c to represent potential filtration of particulate
strontium-90 by a slu Mgoiy he calibgObn simulation was carried out from 1964 to
1974, although there -Wii-io soii itrM4&a for strontium-90 over the years 1964-1972.
The limitation of this cIibration ad 9ijsii recognized.

Results from the model were shisOWp.as plan and cross-sctional views of the water table
elevation and the strontium-9siittmdentration. Tromel.idiv:.were also shown. The
simulation was carried out fromIl.I964 (the &f iil1%gto the LWDF) to 2020.
Strontium-90 concentrations at the rie bb 'nd. r flux into the river were used to
calculate doses.

2.1.3.2 Evaluation of N-Springs Interim Remepl Action

An additional model of the 100-N Area groundwater was .'to evaj the ability
of proposed interim remedial alternatives to limit the fl'i stron;Mik90 into tiW klumbia
River ( DOE/RL, 1995e; see also DOE/RL ,1996a). Ti& altematives tonsidere iwutta
barrier wall, with and without a pump and treat system.

Two codes were used in this modeling activity. Flowpath was used to model wu
dimensional groundwater flow in plan view. PORFLOW was used to m d'a' .. flow ad
transport in cross-section. Both codes use the finite difference method.: NDlinodels
looked at saturated flow only (i.e., flow and transport in the unsaturat dhikie were not
considered). Both models used Cartesian grids with variable node spacitig. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 feet to
1000 feet by 500 feet. The cross-sectional model based on PORFLOW used 5100 nodes
with cell size varying from 0.25 feet by 2 feet to 1 foot by 2 feet.

Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged, it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concern.
The head along the river boundary was set at the mean yearly river level from automated,
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hourly measurements during 1993, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual nodal head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLOW, an assumption was made as to how
high the steady-s1Wu water level would be in the presence of a vertical barrier wall. This
assumption w.H MNon the results of previous modeling. The water level value arrived
at was appi.e4 w eu-ggradient boundary for those cases in which a barrier was used.
Top and k t'ouniiWks were no-flow as was the down-gradient boundary representing
that por f the aquifm"'nmder the river.

The tasport portion of tihecross-sectional model based on PORFLOW used constant
conceniidion boundarin.erywhere. Initial conditions for the transport set the relative
concentraiitatoejj.rik top 20f.is&of the aquifer and to zero elsewhere. The transport

boundry aifi --0&deditions.:.Wjr0sed on previous reports that strontium-90 is limitedboundary adiw .. iin. ~t~s
to the top of theiinconfined pr u o t r m i

All parameters were aane . spatiaybomogeneous. Only the Ringold formation
upper gravel unit andthe lpper ied w wmit modeled. Horizontal hydraulic conductivity
in the gravel unit was taken as the avnayggt alue from six aquifer tests in the 100-N Area.
Vertical hydraulic conductivity wMken as one-tenth the horizontal value. The
conductivity in the mud unit w.*s taken from the literature for a similar soil. For the mud
unit, conductivity was isotroi40i'l but one casq-tj:jijhi. sensitivity analyses were
conducted by adjusting the hyd'ri' lic conduotWrern' :. ie model.

Thickness of the unconfined aquifen.jj-iRJ toti instant and was based on existing
data. For the cross-sectional model, thie distit'tjgko.iii.n*... ficient for strontium-90 was
determined by assuming a retardation factor dDiMUhsed on prevjots studies. No
explanation was given for the source of the bulk i.' ty and eff si.....osity values. For
the cross-sectional model, the longitudinal disptitii.iy was st I! approximately
one-tenth the size of the grid cell. Transverse di# j sivity wpsst at one-t'aa~the
longitudinal value.

A number of remediation alternatives involving verticalharrier wall zff differein t: hs
and various number of pumping/injection wells were simulated with the plan viei:igjel.
Strontium-90 concentrations at the river were estimated from calculated travel nmi jjf..
interpolated initial concentrations. The extraction wells were found to have.a:i*iii t'ial fi-M-
on the flux of strontium-90 into the Columbia River. The effect on strontiami9Oflux frdi
varying the position of the bottom of the barrier water (from 1.2 m intot di'4d unit to 0.6
m above the mud unit) was examined with the cross-sectional model

2.1.3.3 Bank Storage Modeling at 1(0-N Area

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990;
DOE/RL 1995e, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River's stage are cyclical
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and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the I 00-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
a recent application of a two-dimensional cross-sectional model of the Columbia River,
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Multiple Phases (STOMP) code ( White and Oostrom, 1996,
1997; Nichols et al., 1997) was used to simulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the40O-N Area.

The cross- c. 1ii -.used consisted of 10,286 cells extending about 400 meters
northwesti1 19944-67 Grid cells varied in size from 0.5 by 0.5 m at the vadose
zone s i:i ace to 3 hSPO,5 meters away from the vadose zone seepage face. Of the
10,28&gd cells modele43585 cells lie above the Columbia River bed or on the land
surf

The strati Ipusd n the mod ckig was based on geologic data from boreholes drilled in
the 100-N A....Ei..o majo eologic units considered included the Hanford
Gravel and thelingold Unit hi l jAvariably cemented pebble to cobble gravel with a
fine- to coarse-grained sariWl mttx The wrtical sequence modeled ranged from an
elevation of 125 m to.acp*i'&f IN7 metqn where the base of the model was assumed to
be the top of the Ringpi Mud ur

Boundary conditions assumed imtb6 model were as follows:

* The lower boundary on tht:o of the Rinq i j was assumed to be a no-flow................ . .....
boundary. .

..... ....... .....

* The upper boundary was set to a natural rii. Hiue of 2 cm/yr.

* The right boundary of the model was set at u.iw in the y .d..eand to a time-
dependent constant head boundary, which ww.3' aried onii.ourly bLas. based real-
time water level data recorded for well 199-N167

* The left boundary in the river was set as a no flow boundary

* Nodes on the river bed were set to a time-dependent constant head bound ased en
real-time river stage measurements made at the 100-N Area river monit ..... tation.-

Initial estimates of hydraulic conductivity and porosity were develop0Wiib ed on aquifer
tests and soil analyses collected near the 1301-N and 1325-N facilities TEstimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydraulic conductivity and porosity
were varied to calibrate the model to transient observed water level measurements in wells
between the Columbia River and well 199-N-67.

A 125 hour transient simulation was used to develop initial conditions for a four-week
period of simulation. During this period, the model was used to simulate the transient
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interaction of the Columbia River and the unconfined aquifer in one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results were
summarized in an innovative time-series animation of river stage and aquifer head
fluctuations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particluracking analysis showed that consideration of the cyclical transient
conditions of .hifflMt:can increase water velocities over velocities calculated for steady
state conditikiWi i pwmass calculations also demonstrated the importance of bank storage
in calcula *i...Mal waimnovement from the unconfined aquifer and the Columbia River at
l00-N.Aii:oth of tMi"factors need to be evaluated in the final design criteria for
remei ih technologie.,iinsidered along the Columbia River at the 100-N Area.

2.1.3.4. Facused Feasj~Jirv Studies in the 100 Areas

Focused feasibgtdies at -3 and 100-KR-4 groundwater operable units
used groundwa&iflow and . .N. mdeling to compare remediation alternatives for
chromium contaminationi!hnjw model ig;activities are described in DOE/RL (1995a, b,
and c). The modeling.*iW di ! nded i~b used for design purposes or for quantifying a
measure of remediatin tfacti i 2i 'iWi itiency. Separate models were developed for
each of the areas with the two o Oiihikitits. MODFLOW was selected for flow
modeling based on its ability to siitlate unconfined flow on a desktop computer. MT3D
was used for transport because iti tvell documented ad interfaces with MODFLOW.

Natural recharge was assumed'tb occur ..... In the 100-H area, however, a
recharge value of 7.3 cm/yr was used. drodi a better fit to water table data.
it was assumed that there is no hyddg.. ... unic.... between the unconfined aquifer
and lower layers, that the contaminant are d.xed throughout the aquifer depth,
and that there is no source of chromium in the is.. g.Itted zone. TWColumbia River was
modeled as a head-dependent flux boundary, wifi change in the river over the
length of the model. Steady-state flow was mo

Elevations for the bottom of the model were derivd fromdWg.neiutation ofntoured
borehole data. Conductivities were determined in a caiaibrkon usin the stead4UMate flow
model and matching water table data from 1/16/93. ithe 100 -i'ea modd6iikngle
layer for the aquifer was used. The hydraulic conductivity was uniform except frijirnited
area around a set of four wells. For the 100-H Area model, a second layer repig ii eis W
Ringold formation was added to improve the calibrated fit. Different conducni! g 6w a
used for the two layers of the model representing the Hanford and the Ri-.)6rmations.
For the river, the bed thickness was assumed to be 1 m. The conductivi.di1he river bed
was determined in the calibration. The River Package in MODFLOWhW~Wused to model
the river.

A sensitivity analysis of the 100-D Area transport model was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simulate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall) and the
location and pumping rates of injection/discharge wells. Simulation times varied from 14
to 21 years.

2.1.3.5 Interim Remedial Action Design in the 100 Areas

Additional modelviwere developed of the 100-HR-3 and 100-KR-4 operable units to help
determine the pikticment of new wells and the use of existing wells to support the pump and
treat interimMrrQId iWjon, and to estimate extraction/injection rates for design (ERC,
1996; DQ&RL.Ti 1996b. he MicroFem code was used for this design study. This code is
a two-dsimpinionaM finiteellement flow simulator with built-in pre- and post-processing and
autoritiiangular) micsgeneration. Stated reasons for selecting this code were the
abiliti'get higb-resoli. grids around pumping and injection wells, use of the finite
elemeiintWathod, capabliii.to model transient and steady-state conditions (flow), and the
generatidifIgap.tici output.

The ColumbiiRiver was asstikrni t 6lbimne of the boundaries for the 100-H, I00-D, and
100-K Area models. The flYrwaNas mod6ed as a constant head boundary with the river
stage known and congi#tUfnew:..The fI5tthrough the river boundary was calculated as
the product of a verticjiesistaiidd!jiweniflie river and the aquifer and the difference in
head between the riverstage and YQMM:f...... The 100-H and 100-K Areas were felt to
have no natural boundaries so theiibdeoundaries were located far from the wells to
minimize boundary effects. Na4f6b. boundaries were adopted approximately
perpendicular to the river and!Nd&istant head boundgMirhgvre used parallel to the river. The
constant head boundaries were0tfl&ce alonglili...Ihydraulic head contours from
water level measurements. For the : IOQcl iiibdelAijntant head boundaries were
used. These boundaries were based .I....ge o.ikgharge across natural boundaries
and on a water table map of June 1995.Th iift ombixindary was set to the Hanford and
Ringold contact for the 100-H Area model andi:!&iliiip of the uppyt"mud unit of the
Ringold formation at 100-D. .............

The model parameters required were transmissiKiP, porosi m aquifer jiikness. In all
cases the aquifer porosity was assumed constant. For tbe.1OO-U Area mdddLa onstant
conductivity was assumed based on the average value: aijufer tutxsults. Aiak able
aquifer thickness was assigned based on interpolations: water le Adiliiita and -iH ii,,
Hanford/Ringold contact data. Transmissivities were therefore spatially variable
Calibration was conducted using a steady-state flow model and comparing predkca:ed nsrd
observed heads for 1/94 to 8/95. The resistance term between the river and *lw ie
varied. !

For the 100-D Area model, aquifer thickness was assigned a uniform nbecause there
was insufficient data to support a spatially variable thickness. Transmii ivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.
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For the 100-K Area model, thickne5 5 and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for
the I00-D Area model.

Steady-state flow fields were calculated for the 100-D and 100-K Area models. Five-year
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model results.

2.1.4 200 4 41r*Reimediation Activities

A capltt .ne analysis ihe 200-UP-1 and 200-ZP-1 groundwater operable units has
beeai cgiied out. These aivldeling analyses are described in WHC (1994);see also BHI
I 996a lb):The stated objt6 ives of this study were to evaluate alternative interim remedial
actions, t*..ess refinmiiints or expansions of interim actions, and to help choose a final
remedy. AddDeniclfic objeciFieswere to assess impacts of changes in the water table
elevation, to ikitliit ell conii* ija for the pump and treat, to design and evaluate
monitoring networks, to evalibi. ydrisik control and containment, and to predict
contaminant transport pat* Ai#knd travdl nes.

The VAM3DCG comnqpter code .w4iMgs ; ... for the following stated reasons. It was being
used for the site-wide niodeling anikiisshl 200 Area results could be more easily
integrated into the larger scale mq l The finite element method used by VAM3DCG
allows for non-rectangular elenikand boundaries. _YM3DCG's use of transitional
elements allows for a fine gridJai nd wells andxa 1§iiid in areas with less steep
gradients. The pseudo-soil funeion used~i 1. D vides an efficient means to
approximate the water table condition iig: MA DC91C been approved for use on the
Hanford Site.

The final three-dimensional grid used to model t 20 est Area h!:49,383 elements,
ranging in size from 600 m to 9.5 m in the horizotw: direction. T iial dimension
was made up of six elements, equally divided o.r the depth n d aquifer at
each node location in the horizontal plane.

The water table elevation as measured in June 1993 w d as to ial condr" The
bottom boundary and the boundaries along Yakima Ridge and Gabletsitte werf&ioow
boundaries. The remaining side boundaries were held at a constant head, with hei.imu* s
based on the June 1993 water table map. Artificial recharge from site operation .s
applied at appropriate locations, but the natural recharge was assumed to be gej! To
represent the conditions in 1976, a large artificial recharge was applied tq:t;RMsier of the
200 West Area model and a steady-state simulation was performed. Thi&sirdy-state
solution was used as the initial condition for transient solutions in whiith artificial
recharge was gradually reduced. Recharge fluxes were based on previous studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used.
Conductivity was uniform in the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal
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plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. A
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitatively
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary conditions or parameter values were
adjusted to provide a better fit.

Capture zones usig one pumping and one injection well were calculated for various well
locations and f im& s. up to 150 days. In addition, the uncertainty in the spatial
distribution f...Hy i conductivity was recognized and a single simulation was carried
out in which jbe wells *ee located near a boundary between a high conductivity and a low
conduciiyzone. Theio&pture zones were found to change drastically.

2.1.5 HRA/Land Use EIS

The Hanford REmed.Ia Action .tCoprehensive Land Use Environmental Impact
Statement (DOE 1996a) was d# to facilitate the change in Hanford's primary
mission from production f ixlear matei*s for national defense to environmental
restoration and long-tejm maigemnt of:Mates. As part of this transition, the DOE must
determine the optimum xis of Hidj .. Uitnds, facilities, and resources and how these
lands and facilities shoUld be rem d.. t. allow for beneficial future uses. As a transition
to the new mission, the Richland fiiiiiitonmental Restoration Project Plan was developed to
provide information about the n'fiiihn needs and objectics, technical planning, project
schedule, and resource planniigncessary for remojtifn Qf past-practice waste sites and
surplus facilities.

The role of the EIS was to document,: i ihj'.pu fofui, the process of determining the
best combination of potential land uses, remedifiox bkefits, and rerpediation costs.
Through the EIS, the DOE responded to the nee ...

* evaluate the potential overall cumulative imp'ts from imp ..mentngib chland
Environmental Restoration Project Plan, incidg cOS*S

* ensure that site-wide future land-use objectives are considered during the sedeItm* of
remediation methods

* develop a comprehensive land use plan for the Hanford Site in accordanee with DOE
Order 430.1, Life-Cycle Asset Management

* identify the irreversible and irretrievable commitment of natural resGutces necessary to
implement the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the
potential impacts of various land use alternatives. The future land-use alternatives
considered are described as follows:

* Unrestricted Land Use. Residual contamination does not preclude any human
uses; however, access or certain uses might be controlled for other reasons, (e.g.,
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physical hazards, cultural resource protection, habitat protection).

* Restricted Land Use. Residual contamination precludes some human uses;
restrictions could apply to the use or disturbance of surface soils, subsurface soils,
surface water, or groundwater.

* Exclusive Land Use. Potential health risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be limited to the
management of.radioactive and hazardous materials and similar and compatible uses.
Control of.tNi.rnta would be maintained by the DOE. Exclusive-use areas would
include b fi7I1eWisaround active facilities.

To supptwfle'human heW th impacts of consequence analysis of these alternatives, an
appa..... as developeJ bat combined individual waste sites into groups and integrated

thecffhdets of potential reaises to the environment. This was accomplished by grouping
waste sii s by medium.(44., soils, groundwater), then aggregating the waste sites into I -
km 2 (0. 4 -ii) cells: ingid overlaicpn the Hanford Site. The potential contaminant release
and transpditbi*X#Pth'e envirg IIfrom each I -km' (0.4-mi2) cell was estimated using
the MultimediiEvironment*F]%Iitai'itAssessment System (MEPAS) computer model
(Droppol 991), which wad*#iijped byIiePNNL Modeling results from multiple cells
were combined to estimWilftafiP-ktaminmn4Mgoncentrations in the soil, groundwater, surface
water, and air to which',i" aliif:sk aa. l:i l receptor might be exposed. Source-term data
were compiled from theFWaste lId! ... -lail*pUata System, Solid Waste Information
Tracking System (SWITS), and Hiiibfdtnvironmental Information System databases,
and from field investigation repaioiitnd other sources, when applicable.

The risk to a given receptor waa setermined bpy shnliijMie quantity of contaminant
transported from a source to that recegv.likalcueiidiis were simplified by separating
the computational process into disctftiimg' Wlt Th iiodules include the source (waste)
terms, contaminant transport mechansms, egu r i arios, and the variables used to
calculate risk or hazard index from a given exp he MEPAS.Model was used to
estimate risk.

To facilitate the transport analysis using the M PAS code, flwrpths w6&tplculated
based on December 1992 flow conditions (the most curr i '1iroitiboted b *Ydi model). It
was assumed that those flow conditions remained con::stajbr ffis:ii1Iition of rkui particle
tracking. Particle paths were started at elements that d:i:i:ined celT§fRiresentQiJ.waste
and tracked until they reached a model boundary. Straight-line apprdkimationsf~hi flow
paths were then used in MEPAS to describe the travel paths from waste sites

To generate path-lines for input to MEPAS, the unconfined aquifer at the.JWnbd= Site was
simulated with the two-dimensional version of the Hanford Site groundwnafiiiiiodel
(Wurstner and Devary 1993). This model is based on the Coupled Pi ffjifnergy, and
Solute Transport (CFEST) (Gupta et al. 1987) groundwater code integited with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al. 1987). A series of ARC/INFO macro routines and FORTRAN utility programs have
been developed to create an ARCINFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particle travel
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analyses. A FORTRAN utility program would then generate a command file used to
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater m9dr. ing is being used to actively support key objectives of the Hanford
Groundwater PY Ht which include 1) to identify and quantify existing, emerging, or
potential g dr iii.'A tt.uplity problems and 2) to assess the potential for contaminants to
mgrate frtNh Han :.''Site through the groundwater pathway.

TwQ rec tt specific assessments related to the Hanford Groundwater Program that have
made x!ensive use of gimndwater modeling include

* Predicted tmpaCrj of future wBteE.level declines on site-wide monitoring wells

* Development of a thMe dimensional g0rundwater model and its application to
evaluating the impattsbfd*isfing cornkaiunant plume migration on Hanford Site
drinking water systeMs and g ..dwanr use

These two groundwater modeling efforts are briefly described below:

2.1.6.1 Predicted Impacts ofF aMre Water-Level Dedis on Site-Wide Monitoin Wells

In this study conducted in 1994 (WuraI d.iMs-bley. 994), a two-dimensional
groundwater flow model based on tl Q C.SThcode wis sed to evaluate the impact of
declining water levels on existing monitoning s .... e unconfined aquifer. The model
was used to predict water-level declines in sele....fd-ls in the operwng areas (100, 200,
300, and 400 Areas) and the 600 Area.

This early analysis using the two-dimensional sktenwide modi showed tht'he effect of
declining discharges at the Hanford Site will be observ:d iihe ionfined tquifer for
several decades to come and that a large number of o0s40i;on .l..-e expec..i.to be
impacted.

2. 1 .6.2 Evaluation of Impacts of Existing Contaminant Plume Miration on Hnlbrd Sttt
Drinking Water Systems and Groundwater Use

A three-dimensional numerical model of groundwater flow and transp mwhbased on the
CFEST code, was developed for the Hanford Site to support the Hanford Groundwater
Project managed by PNNL (Thome and Chamness 1992, Thorne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was developed to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to
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simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aquifer system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three-dimensig site conceptual model. The resulting conceptual model contains nine
hydrogeologicQ: iik;i ve the uppermost basalt. A brief summary of each of these units is
provided ingilt~t

Prior to nicting siml tns of contaminant transport with the three-dimensional model,
a prvioipsi.teady-state, tiwadimensional model of the unconfined aquifer system
(Jacobi0n and Freshley 09D0) was re-calibrated to 1979 water-table conditions with a
statisticaLsverse methofi i.plemented in the CFEST-INV computer code. The results of
the re-calIimawc :nsed to refin jfe three-dimensional conceptual model and to
calibrate it iit.pwi'-aliz'f....ip reserves the two-dimensional hydraulic properties
and knowledge of the aquifer'ktj*4-ditnggsional properties for the same 1979 water-table
conditions.

The transient behavio he thr~e~mimatcn al flow model was also calibrated by adjusting
model storage propertie "specific I# .III11 transient water-table predictions
approximated observed water-tabMiElcvations between 1979 and 1996. Following the
steady-state and transient calibraiiil; the three-dimensiopal model was applied to predict
the future response of the watsli:le to postulate gjjci..in Hanford operations.

Over about a 300-year period followj"g -:P. ion of. M.ewater discharges to the ground
at the site, the water table predicted by fii% decliQdsignificantly and returned to near
pre-Hanford water-table conditions tha twersbsMn1jo exist in 1944. Over this period,
model results showed that the water table will d A'op much as I I rmhtthe 200-West Area
and 7 to 8 m in the 200-East Area near B Pond. Th*.:-eas that weiijidnited to be
different from the estimated 1944 conditions inci 1) the Mrn.*i'sU.fIde 200 Area
plateau, where higher predicted hydraulic headsiifrect bo 7Libonditi' ifthat consider
the effect of increased irrigation from areas up-gradient W*Hiiflgd regioi and 2) the
area north of Richland, where the model considered thI & c..auli e .ttg of the4W0tk
Richland well field.

Flow modeling results also suggested that as water levels drop in the vicinity o A' a
areas in the model, the saturated thickness of the unconfined aquifer greatly.~i .. ii9s ...
may eventually dry out south of Gable Mountain along the southeast extc1ii. f the
Gable Butte anticline. This phenomena would cause the unconfined agqifi.k6the north
and south of this line to become hydrologically separated. As a resull:IA paths from the
200-West area and the northern half of 200-East area which currently eitend through the
gap between Gable Butte and Gable Mountain may be effectively cut off in the future. In
time, the overall water table, including groundwater mounds near the 200-East area will
decline, and groundwater movement from the 200 Area plateau will shift to a more west-to-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model
Developed by PNNL

Unit

Number Hydrogeologic Unit Lithologic Description

I Hanford formation/ Pre- Fluvial gravels and coarse
Missoula Gravels sands

2 Palouse Soil Fine-grained sediments and
eolian silts

3 ..3 Pho-Pleistocene Unit Buried soil horizon
containing cahche and

......... _ basaltic gravels
Upper Ringold Mud Fine-graned

fluvial/lacustrine sediments
5 Middle Ringold Semi-indurated coarse-

........... grained fluvial sediments
T T MiddIC Rizoid Fine-grained sediments with

some interbedded coarse-
._ ...... ......... _grained sediments

7 MitdkRngold Coarse-grained sediments

8 Lower :in. d Mud Lower blue or green clay or
.......... _mud sequence

9 Basal Rgold Fluvial sand and gravel

Area plateau. Each of the transport silatfdas wasbied on the predicted future transient-
flow conditions, and a high-resolution, finite-ele nmtgrid designed g0xesolve transport
calculations in the areas of current and future coimiination.

Projected future levels of tritium suggest that water supply wells in the 400Area at the Fast
Flux Test Facility (FFTF) and emergency water stpply w. ilif .200-E atiarea will
continue to be impacted by the tritium plume onginatiaj *fm thU..F-East Arg#Jorthe
next 10 to 20 years. Tritium levels at well locations in 400 Ar ..Ad 200-E .Area are
expected to remain above the 20,000-pCi/A level until sometime between 2010 aini2
After that time, tritium will continue to decline to below 500 pCi/, at some time; dweme:n
the years 2070 and 2080. Model results suggest that tritium concentrations Mar Wlound j
the 300 Area in excess of 2,000 pCi/ will not reach the North Richland wakfigd

Transport analysis suggests that only water supplies in the 200-East Aratduld be
impacted by elevated levels of iodine-129. Model-predicted levels of ioidine-129 suggest
that, within 20 to 30 years, iodine levels in excess of I pCi/I originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that levels in excess of I pCi/I would not reach 200-East Area
within 30 years.

Projected future levels of iodine-129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board
(DNFSB), DOE has directed field sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level waste (LLW) disposal facilities. In response to this, an initial composite
analysis of the Il..gd Site was initiated in FY 1996 and is currently being conducted as
part of the Hant Jtundwater Project. This composite analysis is focusing on the 200
Area central i1avOibcsRavse of the variety of LLW facilities (e.g., 200 West and 200 East
burial gro'ihii tLW fItak :tank wastes, and the ERDF trench) impacted by the DNFSB
reconmrItefiions. A diaft.document summarizing this initial assessment is scheduled to
be completed by March 3td 998

As a parofbsbis effortj!FNNL staffhave been working closely with representatives of on-
site progra StC 4ifi-and screA ..al.sources that could potentially interact with
contaminantsiniHshford LL iii al facilities. Inventories of radionuclides that are
expected to contribute to thg;prt*#.ted dofse have been established for each of these
sources. Forecasts of relcsky!u the aquifirfrom major EM-Program Facilities (200 West
LLW Burial Ground,:iWO-EtDwitial Grrejs, ERDF Trench, and the low-activity wastes
from the TWRS Progrii have NC.i I7 . Forecasts of release to the aquifer from
pre-1 988 wastes from EM-30 or Pi44Oijograms have been generated from reviews of
inventory records. Forecasts of i*fies to the aquifer from residuals assumed in tank
farms. commercial low-level r l ive waste facilitie& liquid discharge facilities (i.e.,
ponds. cribs, and ditches), res4ijiis assumed in s#Yata.... facilities, and graphite cores
from nine production reactors hhie also bgji'mi ..tQ. A groundwater modeling strategy
was developed to identify the scena fimi "JieiframaM0 be modeled, the sources and
radionuclides to be included, and the iyrwsdi deNt lfbe used for calculating both the
releases to the water table and long term flowY7i..'in. igport simulatiops in the unconfined
aquifer.

The scope of the groundwater pathway analysi whch is bas 'iheti ildimensonal
groundwater flow and transport model develope d.y PNNIII Uprthe fanNgd
Groundwater Project, is to assess dose impacts for thei..,,i. e t:port of 5 iisjg plumes
and from future releases of contaminants in the 200 AI~k4C The traUfpgrt anal iy"
examining the transport of these current and future contfminant pluess from prei.niday
conditions to about the year 3000. The hydraulic basis for these future transportiiiiions
was developed by using the three-dimensional model to simulate transient flow4iNiiVUQriaf
the unconfined aquifer in response to anticipated reductions in Hanford was4::. .....
discharges in the near future. Model results show that the water table w jtsIu.ch near
steady-state conditions within 100 years; final steady state would be rQa4i&iI by the year
2500.

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios
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derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in current estimates of waste inventories. final
end-states of many LLW disposal facilities, and the future releases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau, this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis is currently planned
to be conducted sArting FY 1999.

2.1.8 COMlbia Rfivr Comprehensive Impact Assessment

ToeyjjAte the impact t0.t'e Columbia River from Hanford-derived contaminants, the
DOE,!U S EPA, and the; Washington State Department of Ecology (the Tri-Party
Agreement .agencies).i inited a study referred to as the Columbia River Comprehensive
Impact Asssmei CRCIA). Th dress the concerns about the scope and direction of
CRCIA as wdlI ak e:hance regWNtnrikibal, stakeholder, and public involvement, a CRCIA
management team, compose iepresi.a.ives of the Confederated Tribes of the Umatilla
Indian Nation, Nez Pierce T .ieYakami2Inidian Nation, the Hanford Advisory Board,
Oregon State Departme t..n...y, the Tn-Party agencies, and Hanford contractors was
formed in August 199S,

The CRCIA. under agreement among the CRCIA Team, was conducted using a phased
approach. The first phase of.#gA*iessment include4.dwv components: 1) a screening
assessment to evaluate the potojaiiml impact to A t jing from current levels of
Hanford-derived contaminants Ii order r * u.:ik dlqqwgon interim remedial measures
being conducted in areas along the ti3.. )W'defh gi of the essential work remaining
to provide an acceptable comprehens~ijF'qfi;n.ipacigpsessment. Both components of the
CRCIA were completed and published in DO,W ..0 Of relevance to this effort is Part
2 of the CRCIA report, which described the reitqgpesnihts for a futsi Columbia River
Comprehensive Impact Assessment. A brief syti Yi- of these. . s ... e p
to site-wide groundwater modeling, is provided4tlbw. f4ii8 p nt:sat p

In Part 2 of the CRCIA report, several specific requirenkitnsiw * ' scribe
assessment should include analysis of contaminant tr~ait6rt throu..hilhe vadoigikiae and
in groundwater and determinations of travel times to and concentratins of contf ilii ants in
the Columbia River. In addition, the uncertainty in these quantities must be assgjQ!i:.?
Chemical and physical characteristics of the contaminants must be considered,:giiU.ii.i.i.i..e
dependence of these characteristics on soil type, groundwater chemistry, andtUbz ji-eserix!:
of other contaminants. Radioactive decay must also be included where 4g i- e

The CRCIA requirements express a concern for the spatial variabilit doundwater influx
to the Columbia River, whether through seeps, springs, or the river bottom, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
estimated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.
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A number of scenarios are required to be examined in the CRCIA analysis. These include
modeling the groundwater recharge rate in such a way that the impact to the river from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the impact.

CRCIA requirements include an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This includes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of model
structure and the parameters used are required. When local-scale models are used, they
must be consistently integrated with the larger-scale models, including the use of consistent
boundary condidbins.And the maintenance of conservation laws across scales.

A comprgisAive analyis is required for CRCIA. A suggestion is made that this can best
be acccij.i.ted by perfming successive, iterative analyses using progressively more
refinda : jdels. In all cass, the analysis must include the dominant factors contributing to
dose/isk, the analysis ntst have an acceptably low level of error, distortion, and bias, and
the uncetity mi predmtflns must be quantified.

The CRCIA r.ipirements alsQ mwpoae a number of software requirements on the design,
implementation, and procuremettctdes. These include code verification and validation,
testing, and review

2.2 Waste Management

Following is a review of projecttiv~'ities that have usad groundwater modeling to support
major objectves for the Wast:Mnagement Pragtwg krne summaries reflect information
provided by RL technical projecd manage. #fd :Untracwmpersonnel from Fluor Daniel
Northwest and Waste Management 14. Sihvices Haifrd. The modeling activities

..... ..........summarized include those associated* *iri iii:

* performance assessments of solid waste buriiiiiutnds in the.2(.j..ast and West areas
* permitting of liquid effluent facilities includii ihe state-ap v LN4 II.d Discharge

Site associated with the ETF
* solid waste environmental impact statement

2.2.1 Performance Assessments of Solid Waste Burial Grounds in2f00
Areas

Since September 26, 1988, performance assessment analyses have been reqr.4n d by DOE
Order 5820.2A to demonstrate that DOE-operated waste disposal faciliti&Vj taining
DOE-generated low-level radioactive wastes can comply with perfornrai6bjectives
quantified in the order and summarized in Table 2. Two separate perfoiiance assessments
(Wood et al, 1995 and 1996), that have included use of groundwater modeling have
recently been completely for new solid low-level waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific
groundwater modeling activities carried out to support these analyses.

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examined the long-term impacts of LLW and radioactive constituents of the low-level
mixed wastes (LLMW) disposed in waste burial areas in two locations: 1) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LLW Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 25 mrem/yr.

Drinking Water less than or equal to 10,000 4 mrem/yr.

E-10 burial ground and adjicgent burial grounds in the northwest corner of the 200 East
Area and:2) the active 21 . -12B burial ground and adjacent inactive burial grounds
located il the northeasftt-iier of 200 East Area. A separate analysis was included to
examine theln. &pasMittJhctor coqm r ment wastes disposed of in trench 94 of the 218-E-

.2B disposal ...ili tY'itow-levzl tdisposed in active and inactive burial grounds
before September26, 1988, W& i'ir jsidered in this analysis.

The performance assessit oiN" ik.200 Wi;Area low-level burial grounds (LLBG)
examined the long-teinn.inacts i. W.iitiJtadioactive constituents of the LLMW
disposed in several active waste bifi&i a situated along the west boundary of 200 West
Area. Burial grounds consideredgiENU analysis included 218-W-3A, 218-W-3E, 218-
W4C, and 218-W-5. Low-level is disposed in retired or inactive burial grounds
before September 26, 1988, (ligiW-2, 218-W-4Af2l&W.-4B, and 218-W- 11) were not
considered in this analysis. ::ip

To address the performance objectives r:i# grou Water contamination, two
groundwater exposure scenarios were .nsid .Q.enario consisted of an all
pathways exposure in which 1) radionuclides aiilj d from thedjiposal and are
subsequently transported by infiltrating water thr i the vadoseJ§ujcia.he underlying
unconfined aquifer, and 2) an individual drills a 11ihhat draw i.ilif-Md water for
drinking, crop irrigation, and livestock productYikhhnd a do .....ceived ... gestion of
contaminated water, crops, milk, and beef, direct exposurgt5igi i.i.-producing.
radionuclides in soil, and inhalation of contaminated dgissLEThe seid.exposur!tnario
involved a drinking water scenario where only ingestioritf contamin d watef II iathe
unconfined aquifer was considered.

The conceptual model of the analyses by Wood et al. (1995 and 1996) focused en
incorporating two general processes that fundamentally control projected cthentrations 6+
radionuclides released from the LLW disposal facilities in groundwatermifhdrABwn from the
unconfined aquifer from a downstream well: 1) the total radionuclide iisn.i*flux being
leached from the disposal facility per unit time and 2) the dilution that occurs as the
radionuclide activity mixes with the volume of groundwater determined by the regional
flow characteristics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensional plane oriented parallel to the general direction of
groundwater flow.
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The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakorn
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment (see appendix
E of Wood et al., 1996). The model was used to estimate steady-state post-Hanford site
conditions underlying the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extrapolated to different waste volumes and waste inventories. The following
points are keyn Japf the extrapolation process:

* The cti0§section olined parallel to the direction of flow and the downstream receptor
we.jdargi* the same plg.w Given these constraints, all activity released from the
facii y reaches the water table and is captured by the volume of groundwater that
passe& beneath the fility and ultimately intersects the downstream well. Thus, the
radiobunhlide conceitation in the water withdrawn from the well is proportional to both
the integaitd exiting acresisxhe entire trench floor and the volume of groundwater
into whicithtamantti resed

* The integrated flux isdoMxated by t.: slected release mechanism. Three conditions
were considered 44 differentfrnaes in:ftiWnalysis, including

* advective releases wh.. the radionuclide inventory was uniformly dispersed
throughout the wasi 'wiume and was release by the infiltrating rainwater. In
this case, the integ d flux is proportiNaclhe radionuclide inventory and
infiltration rate and isnsensitive "d"he .ea of release.

* solubility-controlled release in'Wtlb cheaijii conditions impose a constant
concentration in contaminated watt0v .. ..g..he facilIty. .J.n this case, the flux is
not proportional to the inventory it is pi'aftrtional to tte,*sumed radionuclide
concentration, the infiltration rate an:the waste areaj & ich the release is
occurring.

* diffusion-controlled release where radionuUid release- tgs are conatxIled by an
assumed diffusion coefficient. In this casethe integraii&dux is propittijnal to
the inventory, the area-to-volume ratio of individual contAimers, and tle
diffusion coefficient.

* The volume of groundwater that mixes with the radionuclides releasedt zidjwwater tabie
is proportional to the linear dimension of the waste volume footprinIljjt fs
perpendicular to the direction of flow. Relatively little dispersion isao.wed in the
model and the area over which the groundwater and the contaminaniplume intersect is
essentially the same as that of the area underneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or
increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

* ST-4500, 20Q*-A!. ETF managed by WMH-PHMC
* ST 450oI,r rseicOdary Cooling Tower Water managed by WHC-PHMC

* ST 4502, 200 Area Tieated Effluent Disposal Facility managed by WMH-PHMC

* STA44S, 183-N Backbwash Discharge Pond managed by BHI-ERC
ST 4507 100-N Sew"g Lagoon managed by Dyncor-PHMC

* ST 435tiydrotest, Maitenangc, and Construction Discharges. This is a site-wide
permit mangd by both BI-ERC and contractor personnel from the PHMC.

Of these facilities, the only fbciliy that hasuised groundwater modeling is the 200 Area
ETF. A summary of this Eec.M nodelinjsupport is provided in the following section.

2.2.2.1 200 Area Effluent Treatme flcif t

In 1997, groundwater modelng was performed to support ongoing permitting
requirements for the ETF disp.AO!igse located just nqrx .Of the 200 West Area (Barnett et
al. 1997). The ETF, also knowns the State-pprto iAnd Disposal Site (SALDS),
receives treated effluent containihg tritiujis, Wlit is a9 ed to infiltrate through the soil
column to the water table. The facility pw.:jg permiliTromulgated by WAC 173-216
(Ecology 1986), requires groundwater*&irin.g. f ....ium, reporting of monitoring
results, and periodic review of the monitormg tMLWAi5r

The ETF began operations in November 1995 andtitium was fig *Elmd in groundwater
monitoring well around the facility in July 1996i .he SALDS ...ndwaronitoring
plan requires a reevaluation of the monitoring wei ne workJ Nvision f te predictive
groundwater used in the original permit one year after firi det n "f tritium m
groundwater.

The three-dimensional site-wide groundwater model based on the CFEST -96 coM4Upta
1997), developed for use in the Hanford Groundwater Project by PNNL w4 .sdi to
support this reevaluation of groundwater monitoring and facility performanret The site-
wide model was used to simulate transient flow for the Hanford Site ovctIii-ii xt 100 to
200 years. These predicted flow conditions were used to provide bovu iinionditions for
a highly refined and detailed three-dimensional sub-model of the uncoifited aquifer in the
immediate vicinity of the SALDS.

A comparison of results from a number of numerical models applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/] migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (i.e.,
municipal solid wste, high-level waste, remediation waste) and spent nuclear fuel are
managed by oth ff&nford Site programs.

The Hanford ke SolidR.Mdioactive and Hazardous) Waste Program EIS will evaluate the
poteniiAnvironmental imgp acts associated with ongoing activities of the Hanford Site Solid
WamFt Pgram, the imp'.mentation of programmatic decisions resulting from the Final
Waste .hnagement Prqgrarnmatic Environmental Impact Statement (WM PEIS, DOE/EIS-
0200-F), and reasonab4::breseeable treatment, storage, and disposal facilities/activities.
The EIS will &vLu.terativesifr W anagement of the program's radioactive and
hazardous wastesdAftuding watwgenrated at the Hanford Site or received from offsite
generators, during the same 2-ydAr pei.d evaluated by the WM PEIS. This EIS will
comprehensively analyze.Mp- of the pO.:posed action and reasonable alternatives,
including potential cumuatie ip.acts otik hr relevant past, present, and reasonably
foreseeable activitiesyt;;:

2.3 Tank Waste Remedati W System

The following is a review of prdject acqntfiiii&hte d groundwater modeling to
support major objectives for the TaikWpJ.jRtmedighea System Program These
summaries reflect information providd :by R-L chnt*M project managers and contractor
personnel from Jacobs Engineering Group, ini.iiEi ) and Lockheed-Martin Hanford
Company (LMHC). The modeling activities surfliuzed include jgo.associated with the
following key TWRS projects:

* TWRS Environmental Impact Statement
* Hanford Tank Initiative
* Performance Assessment of the Hanford Low Activity Waste Disposal Faci1iy

2.3.1 TWRS Environmental Impact Statement

This environmental impact statement addresses actions proposed by mQR Io anage and
dispose of radioactive, hazardous, and mixed waste within the Tank Wae Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE's plans to manage and dispose of 1930
capsules containing 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaluate the
impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval alternatives. The groundwater part of the consequence
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakorn et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site anddMerlain onto a site map containing physical features and the source area
boundaries. N.giiinbers of model boundaries (e.g., basalt outcrop and sub-crop areas,
river nodes. e W6M9effluent discharge points, the eight tank source areas, and the
LAW dispo M :ilit*it re determined to allow numerical representation of these features
for the(j.7:f|: ihg effort.

The ft phase of the m ojing effort entailed establishing the steady-state flow field that
was coit$1mpfnt with prt'dis site-wide groundwater flow simulations (Wurstner and
Devary I h9Z;i Tbit.WMidbcomplj4l by adopting, as closely as possible, the hydraulic
parameters fi ..... vious efHt*iiUi was necessary to generate the velocity field for
subsequent contaminant tran spmSi.Iiio. ns. The steady-state results with the VAM2D
model clearly matched reu .mviously crted. This effort made use of EarthVision
and ARC/INFO softwgait s to t -. ate parameter distributions used for the
CFEST version of th.ji ....ide " rmats suitable for use by VAM2D.

The steady-state flow field, whic hiMine of the principal bases for the groundwater impacts
assessment, was developed usm j s*ember 1979 site-wie water level measurements
because it was determined (W &r and Devary M. h this data set was most
representative of steady-state cdiiitions. .U. fiiiiaa..sii also meant that the mounding
from U Pond and B Pond would beq-i 8T. :WouMjkmg was recognized as a present-
day condition that may dissipate over. Wariitveral .eades with changes in the site
waste management practices. It is conservadif miaoverall groundwater concentration
and risk perspective to determine groundwater iiftii . with the mooux in place because
the vadose zone would be thinner in the 200 WeaiiT 200 East Ai&!fl#j contaminant
travel times would be faster to the groundwateriIArting in W tbti otiilggtions in
groundwater and higher risk. The travel time inf he:unconfi qifer tiColumbia
River would not be materially affected by the groiindwa Mi-ficompaii8 to-the
vadose zone travel time. The approach based on the D cdi 2ber I 9.!9ikater levefikta
provides conservative, comparable results for each alteiMative, espeaWly in lig t .she
uncertainties of waste disposal practices and how they would affect the present
groundwater mounds, future land use such as irrigation to the west of the site aadmori .hx
site, uncertainty in the depth of contamination in the unconfined aquifer, andmiate
change.

Once the initial flow modeling was completed, input files were develdped to perform
transient transport modeling from each source area for each of the alter.iatives. The results
of the vadose zone modeling were used to develop input records for the groundwater
model. Consequently, each groundwater simulation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model simulation to represent all contaminants with similar mobility from one source area.
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2.3.2 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

MEPAS was chgs abecause it is a screening code (i.e., it uses relatively simple models for
flow and transpd M thus is relatively undemanding computationally, and it can provide
conservativdiNssgy a has a built-in sensitivity and uncertainty analysis capability. Other
advantageahgif inclu'' i. yiew by a number of government agencies and other groups,
wide apoi*Ofoidn, an integied risk analysis using accepted procedures, a coupled database
of chemicM and radionudide properties, and a user-friendly interface.

The strul. of the MENPAS code required a steady-state flow analysis with one-
d s.... ra ne. Based on detailed geologic studies, a simplified,
nine-layer va imtitdiit model.: .u ii cted for the AX tank farm. Soil parameters were
based on data from a numbet V@xitidi&Wi. and near the 200 East and West areas (Khaleel
and Freeman, 1995). DisMii is of pare::ters used in a probabilistic sensitivity analysis
were obtained from :.Wveralnarios were evaluated with the numerical
model: the influence jd|tMhispor.df iiSilorption near the tank release, the influence of
preferential transport via the annultparsin boreholes or via clastic dikes, the effect of
enhanced infiltration around the j4q.' and the effect of unsaturated zone heterogeneity.
The restrictions of the MEPASt-d limited the ability. Wgccurately model these transport
mechanisms. .: ....

................

Detailed modeling at the AX Tank Feriiig arried :J using the PORFLOW code for
both the unsaturated and saturated zdiWsa rnal cci;imunication, Phil Rogers, JEGI).
The purpose of the detailed modeling is to ev.l...til ative remedig$ion and closure
options at the AX tank farm. The saturated zone idIl ;is a two-dra inional site-wide
model involving both groundwater flow and cont-ii ant transp iitiinsk as the
endpoint. Parameters and boundary conditions .fit. nume dek'l lased on the
parameters of the three-dimensional site-wide Mr*.e of thf .l. rd GroUid4ater Project.
A two-dimensional model was used in part to reduce thei ?opumi italrequifirents of the
analysis. PORFLOW was selected because it is on thed41I O6f appidiiii:odes fitI.
Hanford Site and it was already being used by members of the proj&dIam. Th&iii;W..
dimensional model results will be compared to the three-dimensional Hanford Grli'water
Project model results as a validation exercise. A preliminary draft report for DOMnieis
scheduled for completion in April 1998; a public draft is due in June 1998.,.

2.3.3 Hanford Low-Activity Waste Disposal Facility Perfi,rance
Assessment

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and health impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and double-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or

28



TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

To date, an inte*itLL;W performance assessment (ILAW PA) has been prepared to
provide as earl.i ppoi..le an assessment of the effects of the disposals using available
site-specifidsiirmatioii. The initial draft of the ILAW PA was completed in FY 1996 and
is curres tffisider revieW-:PFinal publication of the ILAW PA is planned for FY 1998. The
datai id iiformation usedii the calculations of the ILAW PA are summarized in Mann
(1995):. The data and infasmation documented include the disposal site locations, geology,
waste ikiatory, estim*tmif recharge, disposal package and facility design, release rates
from glass wftt0 fori.sliydrologwg -arameters, geochemical parameters, and dosimetry.
The data pacit n..cS describe m.,. and technical approaches used to generate the
values described.

Most of the data used &mhRWPA is eived from information obtained in other on-site
programs. The progr"n4 irtends eps a final LAW PA of the disposal facilities based
on the more site-specifi, waste-f.. .. eiflc, and facility-specific data that are planned to
be generated over the next two tcl.r.e years.

The proposed location for tha TWS LAW dispQauIAN .ex includes two sites. The
principal site, which is located iik the south.ishI gaul o East Area identified in Mann
(1995) between the PUREX plant aaWih m. lgt, NOsltore the bulk of the LAW
generated as wastes are retrieved frdomi:ijli el ai i uble-shell tanks for vitrification
by private vendors. Another site, which is I"d aikiE previously constructed grout
disposal facility just east of the 200 East area, wb lijodified to reghve initial quantities
of vitrified wastes from private vendors while the rncipal waste iisp:ag facility is being
developed and constructed.

The ILAW PA analysis is currently being revised to prqV i l0ip-tern'ironmental
impact information needed by the Department to issudjiwiste Disi al Authqoiijuon
Statement which would allow the Richland Operations ffice to proikkd with netd4
interim steps of storage and eventual disposal including

* modification of four existing concrete disposal vaults at the grout site inrit&Pibw;t
provide access for the immobilized low-activity waste containers

" placement of the LAW containers and filler material in the modifiod I s with the
intent of future disposal in the grout facility

* construction of the first set of next-generation disposal facilities at the principle LAW
waste site

* emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent

29



vertical and lateral transport through the vadose zone to the underlying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
considered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The ILAW PA used the PORFLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews. Although several
codes had manyaol.fhe required and desired features, the PORFLOW code was the only
code considerediiii~ve all required and desired features. A major consideration was the
use of POR4Wi~he.f Grout Facility Performance Assessment (Kincaid et al. 1995).

Flow amd iransport in th0ii nadose zone from the LAW disposal facility was represented
nunmriafly in a two-dirii&esional axial-symmetric cross-section extending from the
disposalfacility througl6-h0 Hanford and Ringold formations in the vadose zone to the
water tble, Releases c:l.clated at the water table were then input to a two dimensional
version oftii site4*ideoundwatip odel based on the PORFLOW code. Development
of parametersints for e:odel was based on the hydraulic properties used
in the site-wide model developid ay Bi based on the VAM3DCG code.
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling in this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives,
drivers and moddiig attributes of all the modeling activities described are provided in a
series of tabs(T-l. sA 1, A.2, A.3, and A.4) in the Appendix of this report. The
developnefiWieds md requirements also made use of concepts and principles
develop.iid iprevious *&k on code selection criteria developed by Westinghouse Hanford
Companiy NWHC) (DOEL, 1991) in support of the ER program and FDNW in support of
the TWNRS Program.

The reconede. 4ds and requirements for the consensus site-wide groundwater model
are dividediftfotgatsections tpiscuss the following areas:

* Modeling Objectives
* Conceptual Model 4 Databae Needs id Requirements
* Computer Code Requiremelts
* Other Needs and Requirementt'lated to long-term maintenance and care of the

consolidated site wide mo-el aad processes needed to foster consistency in modeling
applications.

..... ............ ....
3.1 Modeling Objectives

In defining the needs and requirements of a coilhdat.d site-wide.gwundwater model, the
objectives of the modeling study must be considiL.At the H d iSe, groundwater
modeling applications have been carried out to saddy a numbr iiffbjeivts. These
objectives, which also apply to future modein jpication flude thelllna:wing

* preliminary screening of sites for locating waste diposal facil Wes
* site performance assessments of proposed waste disposal facilities
* assessment of environmental impacts involving the prediction of contaminir fraispo

and dose modeling for
* site-wide assessments (Composite Analysis, Columbia River Cijprehensive

Impact Assessment)
* local-scale assessments.

" design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cleanup

* design and evaluation of site monitoring networks to predict:
* fate and transport of existing and emerging contaminant plumes
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* transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

* performance of groundwater remediation alternatives, and

a risk assessments

Although these modeling objectives result in different, and sometimes opposing,
requirements for the models, there are a substantial number of shared needs and
requirements.

3.2 Con ..ptual *del and Database Needs and Requirements

Thepiziiray commonalizmong groundwater modeling efforts at the Hanford Site is the
collec icm of data on whickvhe conceptual and numerical models are based. These data
consist 6ifeqiogic an iologic measurements that have been collected on regional and
local scalesgto'tip" iiifious actdii.es at the Hanford Site. The Hanford Environmental
Information SyMcmdi(HEIS), tiJh t iiid Geographic Information System (HGIS), and the
Well Documentation Syste: '(WELDCS) are the primary repositories of data gathered
during groundwater andniqviniinental mnirtoring at the Hanford Site. These data cannot
often be used directly:ig ii$&a4 groy:t64ater flow and transport model, however,
without a significant int of rpretation. For example, well logs undergo
a geologic interpretation to identiJuhtwstsiigraphy of the aquifer. This interpretation is
then used to produce such informr i~Ii as a map of the top of the basalt, or a map of the
location of the contact betweerifl"Manford and Ringoidsformations. Such maps can be
used to develop parameter digib.i.tions (e.g., dev .i.... ee-dimensional geometry of
significant hydrogeologic units):or a num i.d..b..'iCTJiwre based solely on the data and
do not depend on any particular numgp-i :f la6id- or cci.I..ter code that might be used.

The modeling activities currently under PNNL s friskdwater Monitoring Project use a
system designed to separate the specific numenai1model paramete L ates , particularly
the grid and assignment of hydraulic properties,fitm the interp iigi ogic and
hydrologic characterization data (Wurstner et al4905). A datEAi. has dt.developed and
maintained in an ARC/INFO GIS that contains th informadj k.-Q1;Cessaryj{lvelop
parameter distributions for use in a site-wide model, inplidi* bijgic da..(e..
geometry of the main hydrogeologic units), hydrauliT:.ery esii'sit s, boudiIy
conditions, initial conditions, locations and volumes ofiources and"ihks, and iaAX
recharge estimates.

The advantage of such a site-wide modeling database is that the model infor*pfin is sto.
in a form independent of the computer code used or the assumptions mag &.i -aparticulai
modeling study. By storing this information as high resolution, regulaifrgijdded data
within the ARC/INFO GIS system, it is possible to use the model infdif iiation at different
scales (e.g., in sub-models) or with different groundwater computer codes. This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the problem being considered. Currently, links have been created between
ARC/INFO and the CFEST code, but creating links to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS, is
possible so that a suite of codes would be available for use at the Hanford Site.
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An additional advantage of the site-wide model parameter database is that it can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition is well established for the
unconfined aquifer (Hartman and Dresel 1996, Wurstner et al 1995; Law et al. 1996, and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or contaftinant profiles (or both) beneath several sites have been studied in recent
years and grea eIyi anded our knowledge of the vadose zone. Studies conducted for the
proposed grttpiifacility and the 200-BP- 1 crib site, and the ongoing study of
recharge ati4d..Thyyirlic properties at the proposed disposal site for low-activity waste
from taukiyastes are exin rles. Because an up-to-date site-wide modeling database would
be the basis for all modetjg studies at the Hanford Site, this approach will minimize
inconsistencies in modelsblications.

A site-widemcl paleter datab[."Jshould be based primarily on data contained in
available site*ikds atabase sy .ij;:ddition to HEIS, they would include a number of
user-tailored database systenkiWOVir&Isarate from, but coordinated with, HEIS. These
systems include the HGLSQ d e osciencd .gfata Analysis Toolkit (GeoDAT), and
WELLDOCS databases.Ii$ifiimaiontained in these databases can be processed
using available GIS S wtgkde sudi'M&ARCMNFO and EarthVision to develop parameter
distributions for model applicatio6f :,idi. ous other smaller database systems also exist.
Portions of these databases may k&4plicable to a site-wide modeling database.
Redundancies should be minimikihd databases condmbed as appropriate.

In a sense, the site-wide model'rameter.dalNa6 present the most complete and
complex conceptual model in use at:il dif;iiinFW Site. l use of the multiple modeling
objectives in use at the Hanford SiteNgIWWi ve) aikver, it is likely that more than
one conceptual model may be appropriate. Cii&dftiy ..k conceptual model of the
unconfined aquifer at Hanford developed by thiii4Wilance prograit PNNL includes
ten layers representing the Hanford formation, R ji d formati tMiherlying basalt
(Wurstner et al 1995, Thorne et al 1993, Thome6nd Chamnes )92t.. conceptual
model developed by BHI and WHC in support" t CRA axdIRCLA st*at Hanford
includes three layers representing the Hanford fori atioi id l formknand
includes an impermeable lower boundary, the basalt. Rbi ?Jnceptit.nodel usdi .support
of the Hanford Tank Initiative represents the unconfinedaquifer aslils'gle lay
assumptions embodied in these conceptual models and the methods used to devet .
parameter distributions for the associated numerical models are different. DocuWiti.
should be maintained that demonstrates the consistency of all groundwater cnepal
models in use at the Hanford Site.

To summarize, the major needs and requirements for a consolidated stWide groundwater
modeling program with respect to the conceptual model are as follows:

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in a model should be used in all modeling
applications.

* This model parameter database should be based on a consensus interpretation of the
available data.
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* The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

* Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and complex
conceptual model.

3.3 Compueri CE Needs and Requirements

Thepaniular objectivesOf the modeling study and the associated conceptual model needed
to adiicve these objectW&IW ill determine the needs and requirements of the computer
code(sOu*d. Smce it WprOssible, however, that a single code will be adopted in the future
for all sit.Wid gsjgdwater modgMkg, the needs and requirements in this section were
developed f.r iibe mtcomple~x i".nptual model and difficult modeling objectives likely
to be needed atthe Hanfor4&ite &otsiti-wide modeling.

3.3.1 Technical Roquirmwcts

3.3.1.1. FluidFlow

In general, the selected code ah.fiud be capable of simulating two- and three-dimensional
saturated confined and unconfinid flow of constangd#Ni.Y groundwater in an isothermal
setting for either steady state of-transient flkw .i0ki..bidfilns. However, for certain
modeling applications such as the s Id~inemedian options for the carbon
tetrachloride plume in the 200 areas dr iid iikiation-MfTmovative in-situ treatment
technologies such as in-situ REDOX treatmeihlb.*odoogies, capabilities to simulate the
effects of variable density would be desirable.

3.3.1.2 Hydrologic Properties

The code should be capable of accommodating the thre dimensioaI geometry f the
important hydrogeologic units and the three-dimensioi tispatial vmnaron of hydfataic
parameters (hydraulic conductivity, transmissivity, sp&ific storage, sobrage c6effIDent,
etc.) in important geohydrologic features. The code should allow anisotropic hyduJ.
conductivity values.

3.3.1.3. Unconfined and Confined Aquifer Conditions

The selected code should be capable of simulating flow and contamidititransport in
unconfined and confined aquifer systems.

3.3.1.4 Spatial Scale of Analysis

The selected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of
attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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3.3.1.5 Temporal Scale of Analysis

The selected code should have the capability to effectively simulate flow on a variety of
time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

The selected codethould be capable of simulating contaminant fluxes in two- and three-
dimensions as.jA fun'ion of the various driving hydrologic processes and mass transport
phenomena, wiacihdifi .. vection, hydrodynamic dispersion, molecular diffusion, and
adsorption

3.3 .L P. ochemical Model

The codes..u.d be abl t. epresent geochemical retardation using a linear equilibrium
adsorption ft" iel whrl the distribntion coefficient depends only on the contaminant and
on spatial positit.

3.3.1.8 Radioactive Der.

The selected code shoudhe ablein hrmat the effects of radioactive decay. Another desirable
but not required featureWould incf ciiiaitbilities to analyze the effects of complex decay
chains (for example, the decay ofijraiium).

3.3.1.9 Coupling of Flow ad Contaminant4T'uusport

The selected code should contain suffidi a.e. s.. e analysts to efficiently
..... ... M..ga itiesfikit anayst toeficenl

simulate flow conditions only, conta .. a'tsporbmed on previously simulated flow
conditions, or combined flow and conintamna tpnp.

3.3.1.10 Particle Tracking Capabilities

The selected code should contain sufficient capa iies for. iilysts i& iMfiently
perform streamline (for steady-state conditions) and pathlite &; ansient c.dions)
analyses in two- and three-dimensions.

3.3.1.11 Boundary Conditions

The selected code should be capable of incorporating time-dependent and spatiI-iy varying
boundary conditions. The code should be capable of simulating homogenost nd non-.:
homogeneous Dirichlet (constant head/concentration) and Neuman (con:ttIflux)
boundary conditions. The selected code should also have a prescnbedappIoach for
incorporation of time- and space-dependent sources and sinks of waternd contaminant.

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processing Software. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand
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results. Graphical interfaces are preferred to text interfaces. Such pre- and post-processing
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions in the modeling domain, and contours,
spatial cross sections, and time histories of contaminant concentrations is highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

Coupling with Geographic Information System. The code should have the capability to
receive and prodac nputs or outputs to facilitate its use with the available site GIS' s.
Linkage to sitcAWrNiand the site-wide model parameter database(s) would allow for the
efficient sp .idii hydraulic properties, boundary and initial conditions, and sources
and sinks-t:j

3.33 2Model Reliability Issues

The selettW code shotuditmve evidence of reliability including adequate documentation,
venMfication a:ansta:i of test piraobrms relevant to Hanford groundwater conditions, and
a body of mod&a.jiilations tlibf i.dtemonstrate its technical, regulatory, and public
acceptance. Following is a* c of each of these areas.

Code Documentation..N otn shoild be readily available and cover the theory,
governing equation$.fispti f L . ...... nethods, and user's guide. The code
documentation provides a referencp1Ifr%0iise who want to evaluate the numerical model as
well as a reference for the actual ii::lopment and application of a numerical model for a
particular problem. The user's-ii& "'should include a dription of the input required,
including the implementatiozrif f execution opuw.n jiy formatting requirements. A
description of the output optioiiis. hould 1b . .the user's guide. If graphical
user interfaces to assist in the developmd-j1pi filcind the display of output files are
distributed with the code, these shoiid 41iidientedjf ithe user's guide. Even though
graphical user interfaces may be availfble, tfia& f§10wussed to contain the input and output
should be described, including formatting and di :lijWii ion of paraaers.

Code Verification. Evidence of verification shoqiiKclude conlpwsonoJafJe code results
for a variety of known or accepted solutions. T;iyerificati dijMides eiidmnce that the
solution methods used in the code are correctly iniplernw.n#d ie4ould a146 demonstrate
the effect of the assumptions and potential errors arisft& km limlrsuions of tidi'de.

Body of Model Applications. The selected code should be well regarded among tihtudkr
and regulatory community. In particular, the code should be acceptable to theV
Environmental Protection Agency and the Washington State Department ofkio.0jy for
environmental assessments at the Hanford Site. The code should have bzwg tued in
simulations of the Hanford Site unconfined aquifer with the results pub in externally
reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonable cost for the purposes
of repeating calculations and confirming results.
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3.3.2.4 Accessibility and Cross Contractor Use

The code must be available for use by all contractors performing Hanford Site groundwater
modeling.

3.3.2.5 Code Availability and Version Control

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
outweigh the uselbf a newer, but less tested version. The software should be maintained
under a quaity -- inl program that documents modifications.

3 3 2 6 $,nrnlation Efficiency

The se c-ted code shouldhavc a variety of computational algorithms and solvers to facilitate
the efficient simulation f.a wide variety of flow and contaminant transport problems.

3 3.27 PrrTakik U

The selected code should be capable being run on a variety of computational
workstations and platformn hitf ding UNIX-based workstations.

3.3.2.8 Proprietary .odes

Proprietary codes will be considmtd if they provide an advantage over public domain
codes and only if the author(s)( istodian(s) allow inspection and verification of the source
code by DOE and its agentsThtse inspections andttiH.Wrification reviews may be required
to assist DOE and its contractdi to rectify riip.mblieis eiiitered in application of the code
or in working with the code author(.) :Id1;Rl ptechnwiga approaches for required code
enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well d....mented an.n.t-sdirted by the code
developer to allow rectification of technical difficilties thatansiV.in its appition to
Hanford specific applications.

3.3 Other Needs and Requirements

One of the major needs identified in the initial assessment is for a process to fci.z:r MeYtt.
consistency in applications of groundwater models by various on-site prog.m.s Becapsp:
of the current organizational framework of the Hanford Site around majai ggms and: the
partitioning of technical work and responsibility among the various s.ti i..tactors,
groundwater modeling being conducted to support individual project:i:i'j'rograms has
yielded results that were inconsistent with those generated by modeling groups in other
programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

* the modeling objectives
* the definition of the conceptual model arising from differences in the sources and

interpretations of data and the assumptions made
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* the definition of the model boundary conditions

* the development of parameter distributions used in the numerical model, including
the method of calibration

* the computer code(s) used (e.g., two versus three dimensions)
* the numerical model discretization, typically chosen to balance accuracy and the

amount of time/money available
* interpretation of numerical model results, including estimates of uncertainty and

accuracy of results, (e.g., two results may be different, but are not distinguishable
from eagiter given the precision of the results).

Minimizing ;pncossT0s in model results may best be achieved by standardizing a
conceptu iiAsldel aroudt :site-wide modeling database as discussed above. In addition,
someq:4Qt'liould be mrMitoward ensuring consistent development of parameter estimates
for afisidels. Equally impprtant should be a requirement to estimate the uncertainty in
model..tsvlts and the de006pment of standard procedures to do so. The site may consider
developie..of apro. or revieW.yof key groundwater modeling assessments similar to
what is cu4Rrlj.L :ei.done fort .... f environmental dose calculations. Currently, the site
has in place tli ii ford EnvkgwtiAhWopse Overview Panel (HEDOP). The panel is
composed of representativeg iiWilhe airiwus contractors conducting environmental dose
assessments on the site.. lIti i iVent chd'* is to provide site wide review service,
consistency checks, mg: Aariif r .. twiidand assessments that make use of
environmental dose calilations Asii& paiinel could provide this type of review for
groundwater modeling activities.

Another need identified in this iiIsiment is the needif*Cinte site to make a commitment to
support the long-term mainten'ae. and care of the M imodel. This commitment
would include a development and impm itjma iap~ for

* maintaining the selected computer ode(fl h :a4di ated conceptual model and
numerical model parameter databases in app#fiki'ii configuratigi.Iontrol

" maintaining a detailed administrative record cdi.A ges to
* conceptual model interpretations andioied mo .i..etases

* development of new parameter estimaies forAg ihiii.. mod::4s ie-
calibration is done in response to new info inif6n ofnfJpigy, hydi .ic
testing, or water level measurements -.

* selected codes and related software as new capabilities are incorporated :zw:p:
updated versions of the codes are acquired

* testing and evaluation of the numerical model in response to code moditkurxtdirs or
updates to the numerical model parameter estimates

* identification and implementation of model capabilities based on im ed
* transport theory (e.g., chemical reactive transport)
" computational and numerical methods
* computational equipment
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APPENDIX

ATTRIBUTES OF MODELIG ASSESSMENTS PERFORMED IN
ENVIRONMENTAL RESTORATION, WASTE MANAGEMENT. AND TANK WASTE

REMEDIATION SYSTEM PROGRAMS

This appendix c niRds comparative summaries of the status, objectives, drivers and
modeling attrbofiibffi:l.the modeling activities described in Section 2 of this report. The
informationals&i.sp .im &d in a series of tables (Table A.1, A.2, A.3, and A.4) and is
based on a eiivMw of th&i01 jectives and attributes of implementations of groundwater
models fa ongoing and p .nned projects provided to project staff by DOE/RL and
conrncra representativesdqf the Environmental Restoration, Waste Management, and Tank
Waste Rmnediation Systfw Programs. These summaries were also developed in part from
informatitigatherd .4aiiag consult;ions with U. S. Environmental Protection Agency,
the Washingtton$rakc .eipartmeM.f-oiogy, the Nez Pierce Indian Nation, the Yakarna
Indian Nation, andthe ER sub wa iof the Hanford Advisory Board.

A.2
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............................
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Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank ZOO-H 100-1l 100-13
Model Attributes LWDF's Storage N Springs Area 100-D Area WI-P-I 2I Pil-I Area Area

Current Status
Work Completed

No future work needed
Future Revisions Needed x x x x X I x x

Work Initialed
Work Planned and In Baseline
Work Planned and not in Baseline

Drivers
CERCLA x x x x x x

RCRA Compliance
NEPA ........
DOE Orders
Facility Permitting . ......
Emergency Response . ...
Public Interest . ... miwm

Purpose or Objective of Analysis
Disposal Site Screening Analysis
Site Performance Assessment

Design and Evaluation of Remediation x x x x x
Strategy
Assessment of Environmental Iitwhi V
Evaluation of Monitoring Networkf'alld
Design
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A I



Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

tOO-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses ..::::: Studies

Bank 100-11 A 100-Il 100-D
Model Attributes LWDF's Storage N Springs Area l00-D Area :1410 UP- I t - Area Area

Scope of Analysis ....
Dimensionality 3-D 2-D 2-1) 2-D 2- : 3-1) 3- -3D
Model Orientation Cross-section Areal/ X-sect Arcal Areal .-
Flow Analysis ......

Vadose Zone Flow Transient Transient
Groundwater Flow Transient Transient Steady-state T#icnt Slctsy-saB Transient Transient Steady-state Steady-slate

Transport Analysis
Vadose Zone Transport Transient .
Groundwater Transport Transient TrwnieS Transient Transient
Geochemical Capabilities Used/Required ....... ....

Sorption x :.i_ :- jE x x
Radioaciive Decay w/o chain decay x
Radioactive Decay with Chain Decay

Scale or Analysis ... .. ......
Spatial Scale Local::, Local Lad i.ocal Local Local Local Local Local
Time Scale <50 yrs 0 yrs <200-tg gi 50 yrs <50 yrs <50 yrs <50 yrs <50 yrs <50 yrs

Codes Used
VAM3DCG GW GW
PORFLOW VZ/GWa:- O __ GW
STOMP V?/GW
MEPAS
CFEST-SC or CFEST-96
MICROFEM GW GW
MODFLOW GW GW

MT3 D - GW GW

Spreadsheet Analysis
Flowpath GW......

n/a not applicable; VZ vadose zone; GW groundwater A.4



Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

I00-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses ...... Studies

Bank 1OO-I 100-11 100-D
Model Attributes LWDI's Storage N Springs Area In- Area AMetiP-tI2ffWZJ-1 Area Ares

-.... .....

Boundary Conditions
Basalt Outcrops n/a n/a n/a n/a n/s n/f o/f. n/a n/a
Cold Creek Valley n/a n/a n/a n/a u/a It t_ n/a n/a
Dry Creek Valley n/a n/a n/a n/a Ia n/t n/a n/a
Yakima River n/a n/a n/a n/a /Ii n/a n/a n/a n/a
Columbia River n/a n/a

Constant Ilead Transient Transient Transient 19l rnl- : Steady-state Steady-state
Constant Flux ...

Local-scale Boundaries ... .....
Constant Head Steady-state Steady-slate Sta&yi-te SSady-staite Steady-state
Constant Flux

Natural Recharge x x ..... x x
Base of Model

5 m below Water Table ...........
I lanford/Ringold Contact ...... X

Top of Lower Ringold Mud Unit x x N - x x x x x
Top of Columbia River lasalts x X

....................................

n/a not applicable; VZ vadose zone; GW groundwater A 5



Table A.l. Model Attributes of Key Projects in the Environmental Restoration Program

t00-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses . Studies

Bank 100-11 100-D
Model Attributes LWDF's Storage N Springs Area 100-D Area AOb1*1 :P # Q:Zp- Area Area

Ilydrostrstigraphic Units 2 2 2 I I 2 2 1 2
Ianford Formalion x x x x X x x
Ringold Formation (as single unit) x x x x........ -........... x
Combined Ilanford / Ringold Formation
Palouse Soil ......
PIio-Pliestocene Unit
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6) ....-
Middle Ringold (Unit 7) -
Lower Ringold (Unit 8) ._.__._.._. -.-

Basal Ringold (Unit 9)
Columbia River Basalt

Contaminants Consid red i/a
Radionuclides Sr__
Chemicals Chromium Chromium

n/a not applicable; VZ vadose zone; GW groundwater A.6



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford
Site-Wide Restoration Remedlid 200 Area

Remediation Disposal ActionLand Soil
Model Attributes Strategy Facility :w:4 EIS Rimediation

Current Status
Work Completed ........

No future work needed
Future Revisions Needed x x V

Work Initiated x
Work Planned and In Baseline ..
Work Planned and not in Baseline

Drivers
CERCLA N .

RCRA Compliance
NEPA x
DOE Orders
Facility Permitting
Emergency Response
Public Interest

Purpose or Objective of Analysis .

Disposal Site Screening Analysis ...
Site Performance Assessment x
Design and Evaluation of RemcdliliioSralcgy< x x x
Assessmenie-Environmental iinsp'is x x x
Evalutio bring Network and Dump
Risk Assessn. .. x x

n/a not applicable: VZ vadose zone; GW groundwater A.7



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford
Site-Wide Restoration Remodt 200 Area

Remediation Disposal ActlnntLand~ Soil
Model Attributes Strategy Facility :fU.e EIS lmediw on

Scope of Analysis
Dimensionality 3-D iW.
Model Orientation CrosiV5dw' Adi
Flow Analysis ........................................ .......

Vadose Zone Flow Steady-stalq' Steady-state x
Groundwater Flow TransienvU:ft t. Steady.sWt%" , Steady-state x

Transport Analysis x
Vadose Zone Transport wa lSied1ltata e
Groundwater Transport lmmglent Sietlystate %leady-state x
Geochemical Capabilities Used/Required x

Sorption .... ... !:... x
Radioactive Decay w/o chain decay lbx x

Radioactive Decay with Chain Decay;:':::::...

Scale of Analysis

Spatial Scale "'idji"id ' Local Site-widc Local/ Site-wide
Time Scale <2tDyu <I0,000 yrs <I0,000 yrs

Codes Used
VAM3DCG GW

PORFLOW
STOMP
MEPAS VV/GW.....................
CFEST-SC o..S 96 ......
MICROFEM
MODFLOW
MT3D
Spreadsheet Analysis x
RESRAD VZ/GW

n/a not applicable; VZ vadose zone; GW groundwater A.8



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford4mj
Site-Wide Restoration RemedfitjH :.200 Area

Remediation Disposal ActioMILMaiEij Soil
Model Attributes Strategy Facility oule EWS R hngdiation

.................................. .............

Boundary Conditions tuf____l__
Basalt Outcrops n/a.:.: ...._............

No Flow ,
Rattlesnake Hills Spring Discharge _

Cold Creek Valley n/a
Constant IIead ........ .... ...
Constant Flux Steady-stat:::::iady-state

Dry Creek Valley iII
Constant I lead ..........
Constant Flux Stei"d tle ileady-state

Yakima River
Constant I lead SluayMO Steady-state
Constant Flux

Columbia River n/a
Constant Ilead Sady-s Steady-state
Constant Flux

Local-scale Boundaries tx: n/a n/a
Natural Recharge x x
Base of Model n/a

5 m below Water Table
lianford/Ringold Contact
Top of LWitkRingold Mud ::o.d
Top of CdUijibR iver Basalts x x

n/a not applicable; VZ vadose zone; CW groundwater A.9



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanfordtsh(
Site-Wide Restoration Remed ij 200 Area

Rentediation Disposal Actioit/Lnd Soil
Model Attributes Strategy Facility IAugEIS J.Rr diatlon

Ilydrostratigaphic Units 2 i dUndeded
I anford Formation x
Ringold Formation (as single unit) x x
Combined Hanford and Ringold Formation iii: x
Palouse Soil ......... .....
Plio-Pliestocene Unit.
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6) .:7777 ........
Middle Ringold (Unit 7) ... .......
Lower Ringold (Unit 8) ......
Basal Ringold (Unit 9)
Columbia River Basalt

Contaminants Considered
Radionuclides x x x x
Chemicals x x x x

n/a not applicable; VZ vadose zone; GW groundwater A.10



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to ColImjliiver
Future Drinking Water CompreiI**fre Canyon

Water-Level Systems and Composf~o Impae Liit. Disposition
Model Attributes Assessment Groundwater Use Analysib Assessmehqt If: Initiative

Current Status 2 2

Work Completed ____________________________________

No future work needed
Future Revisions Needed x .5Mi~.x

Work Initianted
Work Planned and In flaseline
Work Planned and not in Baseline x _

Drivers
CERCLA x
RCRA Compliance .x ___ __ ______

NEPA
DOE Guidance .- Composite Analysis

Gutdance
DOE Orders ..
Faciblty Permuting x x
inmergency RDsponse Water..._______anyo

S______S_____ 94-2 _______Public Interest x

Purpose or Objective of Analysi
Disposal Site Screening Analysis
Site Performance Assessment x
Design and Evaluation of Remedia.ion Stray...
Assessment of Environmental Impacts x x X X

Fvaluation of Monitorng Network and Design x X
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A.1 I



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

itanrord Groundwater Project

Impacts to Columnbila River
Future Drinking Water Comirl'm'emive Canyon

Water-Level Systems and Composite ImpamU.,:.... Disposition
Model Attributes Assessment Groundwater Use Analy. AssessmeW[::L . Initiative

. . . . . . . . . . . . . . . . . . . . . . . . . . . .. .Scope of A nalysis.......
Dimensionality 2-D 3-D I-D ?
Model Orientation Areal
Flow Analysis

Vadose Zone Flow Tra!nwi::
Groundwater Flow SS & Transient ...SS & Tratsali . : SS & TraiisiE x x

Transport Analysis n/a .........
Vadose Zone Transport ..T ..t Transient x
Groundwater Transport .rinsienF Tissent Transient x
Geochemical Capabilities Used/Required

Sorption x x x
Radioactive Decay w/o chain decay x x x x
Radioactive Decay with Chain Decay x ? ?

Seale of Analysis
Spatial Scale T lw-wide Site-wide Site-wide Site-wide ?
Time Scale !!" Yrs <200 yrs <1000 yrs >I 000 yrs ?

Codes Used
VAM3DCG ......

PORFLOW
STOMP VZ
MEPAS
CFEST-SC or CFEST-96 GW GW GW
MICROFEM
MODFLOW
MT3D
Spreadsheet Analysis

gi/a not applicable; VZ vadose zone; GW groundwater A.12



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to ColiihiiiRiver
Future Drinking Water Compr |iiW ve Canyon

Water-Level Systems and Compa AWE Impk fiii Disposition
Model Attributes Assessment Groundwater Use Analysi : Assessm LT Initiative

Boundary Conditions U: dflida5 Undecided
Basalt Outcrops

No Flow x ; K
Rattlesnake Ilills Spring Discharge x

Cold Creek Valley
Constant I lead
Constant Flux Steady-state HHjSteady-state Steadyt _ _ _

Dry Creek Valley
Constant I lead
Constant Flux Stmady-state :Mihimdy-state Steady-state

Yakima River a n/a
Constant I lead S1CdM0iiktl
Constant Flux

Columbia River
Constant I lead i.%Sieady-state ' ei-statW Steady-state
Constant Flux

I ocal-scale Boundaries :i/a n/a n/a n/f
Natural Recharge x x
Base of Model

5 m below Water Table
Ilanford/Ringold Contact ..

Top of Lower Ringold Mud Unit ....... x x
Top of Columbia River Basalts x x x

n/a not applicable; VZ vadose zone; GW groundwater A. 13



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to Cnkiibia River
Future Drinking Water Comprth.nive Canyon

Water-Level Systems and COMP65 i* Ima Disposition
Model Attributes Assessment Groundwater Use Analysvh AssessnliiiThi Initiative

lHydrostratIgraphic Units Considered I 10 tO ?
Hanford Formation x x
Ringold Formation (as single unit) ............
Combined Ilanford and Ringold Formation x
Palouse Soil
Pijo-Pliestocene Unit x _

Upper Ringold (Unit 4 x . i_ ___ _

Middle Ringold (Unit 5) x _

Middle Ringold (Unit 6) x X
Middle Ringold (Unit 7) .X x
Lower Ringold (Unit 8) . x x
Basal Ringold (Unit 9) x x
Columbia River Basalt x

Contaminants Considered
Radionuclides x x x x

Chemicals x

n/a not applicable; VZ vadose zone; GW groundwater A. 14



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid TWRS T... Interim
Model Altributes Area Area ETF Dischargs Waste EIS EIS lnidifrE PA Final PA

Current Status
Work Completed .........

No future work needed
Future Revisions Needd x x x xX

Work Initiated x x x
Work Planned and In Baseline
Work Planned and not in Baseline
PA Maintenance x x x

Drivers
CERCLA
RCRA Compliance ._....._ x
NEPA x x x
DOE Orders 58292 5820 2A 3004 5820.2A 5820 2A
Facility Permitting x x
Emergency Response
Public interest

Purpose or Objective of Analysitill:
Disposal Site Screening Analysis _ x
Site Performance Assessment x x x x
Design and Evaluation of Remediation .i.t.. ,. x

Assessment of Environmental Impacts Ix ix x x x
Evaluation of Moniloring Network and DesigW x I

Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A .15



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management -tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

Hsmlhrd
200 East 200 East Other Solid TWRS Tami Interim

Model Attributes Area Area ETF Discharpoi Waste Ei: EIS ln:tiuIve PA jFinal PA

Scope of Analysis
Dimensionality 2-D 2-D 3-D A 2-D 2-D 2-D 2-D
Model Orientation X-section X-section . ...... Areal/X-sect Areal/X-sect Areal/X-sect Areal/X-sect
Flow Analysis + '

Vadose Zone Flow .... Steady-s Seady-state Transient SS & Trans. SS & Trans.
Groundwater Flow Steady-state Steady-state 'alladent " Steady.Eht Steady-state Steady-state SS&Trans. SS& Trans.

Transport Analysis
Vadose Zone Transport ? I 'ltsi Transient Transient Transient Transient
Groundwater Transport Transient Transient Transient Transient Transient
Geochemical Capabilities Used/Required . ..........

Sorption x " * x x x x x x
Radioactive Decay w/o chain decay . x x x x x x
Radioactive Decay with Chain Decay ...... x x x x x

Scale of Analysis
Spatial Scale Loca :: 4ca Local ? Sile-wide Site-wide Locl Site-wd Loc/ Site-wd Loc/ Site-wd
Time Scale <l0,0WW <fi0.yrs <200 yrs ? <10,000 yrs <0,000yrs <0,000yrs >l0.000yrs >10,000yrs

Codes Used ..... 9
VAM2D/VAM3DCG VZ/GW MW VZ/GW GW GW
PORFLOW VZ/GW VZ VZ
STOMP VZ
MEPAS VZ/GW
CFEST-SC or CFEST-96 GW GW
MICROFEM
MODFLOW
MT3D

n/a not applicable; VZ vadose zone; GW groundwater A. 16



Table AA. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management .:__T_*ik. Waste Remediation System
LLW Burial Grounds .. TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid TWRS Taiii4 interim
Model Attributes Area Area ETF Dischargc :Waste El IS initiir4 PA Final PA

Boundary Conditions Andecided
Basalt Outcrops n/a n/a -

NoFlow x x x x x x
Rattlesnake [fills Spring Discharge ...x x x

Cold Creek Valley n/a n/a .... x
Consast Head -
Constant Flux .... I dy-stale Steady-state Steady-slate Steady-state Steady-state

Dry Creek Valley n/a R/a _ __

Constant Head
Constant Flux Steady-state Steady-state Steady-state Steady-state Steady-state

Yakima River
Constant I lead nI n/a . n/a n/a n/a n/a Steady-state Steady-state
Constant Flux

Columbia River n/a n/a
Constant I lead Sieady-usMi !SW.sl-kstatc Steady-state Sleady-state Steady-state Steady-state Steady-state
Constant Flux

Local-scale Boundaries
Constant Ilead Steady-state Si .9Etite Steady-state Transient
Constant Flux .. SIC::±: Transient

Natural Recharge x x x x x x x

Base of Model .
S m below Water Table . x ... X
lianford/Ringold Contact x
Top of Lower Ringold Mud Unit
Top of Columbia River Basalts x x x x x x

n/a not applicable; VZ vadose zone; CW groundwater A. 17



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management .:_Taq k Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid TWRS PTs..Irk: Interim
Model Attributes Area Area ETF Discharges Waste EIS EIS Ini4iidI PA Final PA

Hydrostratigraphie Units Considered 2 2 9 U Mndecided : P22
Hanford Formation x x x . x x x x
Ringold Formation (as single unit) x x _ x x x x
Combined Hanford / Ringold Formaion -..........
Palouse Soil
Plio-Pliestocene Unit
Upper Ringold (Unit 4) -
Middle Ringold (Unit 5)
Middle Ringold (Unit 6)
Middle Ringold (Unit 7) x::::::::::
Lower Ringold (Unit 8) .........
Basal Ringold (Unit 9) _

Columbia River Basall

Contaminants Considered
Radionuclides . . x x x x x x x
Chemicats x x x

n/a not applicable; VZ vadose zone; GW groundwater A1i8
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